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Susgont/i£  Variation  of  the  Mariner's  Compass,  itsCaute,  • 
the  periodical  Revolution  of  the  Magnetic  Fole.  By  '. 
C,  Boner. 

(To  the  Editors  of  the  Annals  of  Philosophy,) 
GEMTL£U£N,  Greal  Bid/erd-ilrul,  Balk^j^ 

The  direction  of  tbe  magnetic  needle  towards  one  parttcnlat 
point  in  the  horizoa  evinces  a  power,  by  which  the  needle  is 
attracted. 

The  progressive  change  In  die  direction  of  the  needle  proves 
a  change  opposition  in  the  attractive  power, 

The  consideration  that  every  thing  in  nature  is  governed  by 
mvariable  laws,  places  it  beyond  a  doubt  that  the  change  o£ 
pontion  in  the  attractive  force,  and  consequently  the  variation 
of  the  needle,  are  governed  by  laws  as  constant  as  those  by 
which  aJl  the  other  phenomena  of  nature  are  regulated. 

Whether  the  cause  of  the  variation,  that  is  to  say,  the  powec 
which  acts  upon  the  compass  needle,  be  in  the  earth,  or  in  tbe 
heavens,  is  a  question  which  I  do  not  presume  to  decide ; 
becaaae,  after  uie  consideration  that  the  most  able  men  have 
been  nnsnccessful  in  their  efforts  to  establish  their  theories  upon 
solid  erounds,  and  that  besides  circumstances  have  never  pei- 
mittea  me  to  make  the  necessary  experiments,  from  which  I 
might  have  drawn  just  conclusions,  1  should  think  it  ridiculous 
conceit,  if  I  were  positive  in  affimiing  that  such  and  no  other  is 
the  efficient  cause  of  this  extraordinary  phenomenon. 

However  that  neither  of  the  existing  systems  is  the  true  one, 
is  evident  from  their  disagreenieut  with  daily  experience  ;  and, 
therefore,  every  new  conjecture  on  so  important  a  subject  is 
worth  examining. 

That  there  should  be  within  the  earth,  as  some  pretend,  A 
lai^e  magnet,  revolving  about  a  center,  as  the  plaiiet*  move 
abont  the  sun,  is  possible,  but  not  probable ;  and  BtiU  less  so  i& 
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2  Mr.  Boner  on  the  [July^ 

the  opinion  of  those,  who  attribute  the  variation  to  the  changes 
produced  in  the  iron  mines  by  the  continual  excavations  made 
therein  by  men's  hands.  -  - 

The  variation  of  the  compass  being  evidently  the  effect  of 
attraction,  yrould  it  not  be  morfe  philosophical  to  look  for  its 
cause  in  that  universal  power,  by  which  the  whole  planetary 
system  is  acknowledged  to  be  governed.  Few  persons  deny 
the  influence  of  the  sun  and  the  moon  in  raising  the  waters  of 
the  sea;  and  I  can  see  no  incongruity  in  the  idea,  that  the  varia- 
tion is  an  effect  of  the  same,  or  at  least  of  a  similar  cause. 

Repeated  observations  prove  that  at  the  same  place  the  varia- 
tion is  different  at  different  hours  of  the  day;  and  Mr.  Canton 
affirms,  that  in  574  observations  he  found  the  variation  regularly 
increasing  westward  fron^abo.ut. eight  or  nine  in  the  morning 
till  one  or  two  in  the  afternoon;  when  the  needle  became 
8tat}ona,ry  for  some,  time,  after  which  the  absolute  vanation  west^ 
watd  w&s  decreasing,  and  -the  needle  came  back  again  to  its 
former  situation  or  near  it  in  the  night,  or  by  the  next  morning. 

I  ask  now  whether,  there  is.apy  wing,  more  like  the  periodical 
rise  and  fall  of  the  waters  of  the  sea,  which,  as  everybody 
knows,  happen  twice  every  four  and  twenty  hours,  and  consi- 
dering that  the  diurnal  east  and  west,  variations  are  very  nearly 
at  the  same  distance  froi^  neon,  J  have .  little  doubt  but  tljiat  if 
the  observations  were  made  as  regularly  during  the  qi^ht^  W6. 
should  ctiscover.  the-  same  changes:  before  and  alter  midpight, 
when  the  sun  is  in  .Uie  opposite  meridian,  and  thus  fin4  twO; 
DpMgnetic  tides^  if  I  may.  use  the  expression,  as  .we  have  two  sea 
tides  every  day.  It  appears  therefore  not  at  all  improbable  i^ 
me,  that  me  periodical  change  of  the  variation  shpuld  be  regu-^ 
kted  hy  the  situation  of  the  heavenly  bodies,  apd  th^  w]|o}q 
revolution  of  ithe  magnetic,  pole  .be  performed  within^ the  j||^ac<9 
of  632  yearfi,  .a  peri(Kl  derived  from  the  multiplic$ttion  of  the 
numbers  19  ancl  28;  that  is,  of  the  lunar  ^d  solar,  cycles 
together. 

But  what  confirms  me  still  more  in  the  idea  that  the  principal 
cause  of  variation  resides  in  there^on  of  the  planets,  is,  that  oy 
the  first  trial  which  I  made  to  discover  the  place  of  the  m^- 
netic  pole  by  means  of  the  dip  and  variation  observed  in  ISt^i 
I  found  the  annual  progress  of  the  magnetic  pole  in  direct  pro* 
portion  aa  the  annual  progress  of  the  nodes  of  Venus  to  th^ 
annual  precession  of  the  nodes  of  the  earth;  that  is,  as  3F'  : 
60'''26  : :.  annual  progress  of  the  magnetic  pole  :  to  one  degree 
or  dO.ininutes ;  which  gives  the  annuisd  progress  37'  W'  5Sy^  •73'. 
And  from  the  dip  and  variation  observed  in  London  in  the  year 
1812,  I  find  Ihe  annual  progress  of  the  magnetic  pole,  as  it  will 
ie  seen  hereafter,  equal,  to  37'  63'<  :ir''-32,  differing  only 
'^^  d7'''-49  from  the  former ;  and  if  ta  the  first  37'  0(K'  S-''^?? 
wsadd  the  annual  precesaion  of  the  equinoxes  50j>''  ^eooiub^ 
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lft2&.]^  Variation  of  Ike  Mariner's  Compass. 

we  obtain  37'  51"  8"'-73  for  the  annual  progress  of  the  magne- 
tic pole  as  it  is  derived  from  the  precesHion  of  the  nodes  of 
Venus  and  of  the  earth,  being  only  2"  2"''49  less  than  that 
derived  from  the  dip  and  variation  observed  in  1 812. 

This  calculation  is  upon  the  supposition  that  it  be  true,  as  it 
is  generally  believed,  that  there  ^vas  no  variation  at  London  in 
the  year  1657  ;  an  opinion  upon  which  there  can  remain  little 
doubt,  when  we  consider  that  Mr.  Gnnter  in  the  year  1622,  that 
is  35  years  before  there  was  no  variation,  observed  it  to  be 
0°  664'  east,  and  Mr.  Halley  in  1692,  that  is  35  years  after 
there  had  been  no  variation,  found  it  6°  west, 

How  from  dip  and  variation  observed  in  London  in  1812,  that 
IB  155  years  after  the  time  of  no  variation,  1  find  the  longitude 
tf  liie  magnetic  pole  82°  7'  36"  west  of  London,  and  as  in  1657 
it  was  evidently  in  longitude  180°,  it  must  have  proceeded  dur- 
mgthe  165  years,  97°  32' 24",  which  being  divided  by  155,  give 
tr  63"  11"''22  for  the  annual  progress  of  the  magnetic  pole, 
ta  it  has  been  stated  above,  and  the  whole  revolution  = 
670'1246  years,  or  570  yeai-s  and  about  454-  days. 

If  the  annual  progress  be  made  as  tropical  revolution  of  Venus 
to  tropical  revolution  of  the  earth,  we  obtain  36'  54"  42'", 
which  is  nearly  one  minute  less  than  the  above,  and  the  whole 
levolution  would  require  about  ]2  years  more.  If  on  the  con- 
Wry  we  assume  for  the  annual  progress  38'  51"  28'",  which  is 
neany  one  minute  more  than  the  first,  tlie  whole  revolution  will 
be  about  twelve  years  less;  namely,  557  years,  21  days, 
18"  II"  51',  forming  the  astronomical  period,  called  the  period 
of  eclipses.  Further  observations.,  it  is  to  be  hoped,  will  enable 
us  to  decide  which  of  these  data  comes  nearest  the  truth.  Mean* 
while  let  us  observe  that  a  mean  between  the  four  following 
numbers  differs  less  than  half  a  minute  from  the  annual  progress 
of  the  magnetic  pole  as  derived  from  the  dip  and  variaticHt 
ebserved  in  1812,  "  ■ 

Annual  progress  deduced  from  annual  preces- 

bion  of  the  nodes  of  Venus  and  the  earth  . .  37'  00"  53'"- 73  ] 

From  tropicalrevolution  ofVenusandtheearlh  36  54     42        'J 

From  period  of  echpses 38  51     28 

From  solar  and  lunar  cycles 40  36     05'4 

4)153   23   og-fs:! 

Mean  term      38     20    47-28  # 

From  dip  and  variation  of  1812 37     53     11-22' 

Difference         0     27     36-06  .' 

In  the  cdculations  of  the  dip  and  variation  1  have  taken  the 
4ip  inversely  as  the  distance  from  magnetic  poles,  of  which  I  acd 
pwrsuftded  there  are  but  two  diametrically  opposite  to    on? 
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another^  and  not  four  iiregularly  dkpened  withiA  ih«  eaitli^  w 
some  have  pretended. 

I  have  further  to  observe  in  favour  of  my  theory  that,  as  the 
revolution  of  the  magnetic  pole  seems  intimately  connected  witk 
the  relative  situations  of  the  planets,  so  does  its  latitade  appear 
to  be  regulated  by  the  inclinations  of  their  axes. 

The  inclination  of  the  axis  of  the  sun  is  allowed  to  be  8^  or 
nearly  so,  which  being  subtracted  from  23^  28^,  the  incliuatioB 
of  the  axis  of  the  earth,  leave  16®  28',  which  is  very  nearly  the 
distance  of  the  magnetic  pole  from  the  pole  of  d^e  eartn,  at 
deduced  from  the  dip  and  variation  of  1812,  namely  16®  17'  23^^. 
And  if  the  latitude  oi  the  magnetic  pole  be  supposed  equal  to  the 
inclination  of  the  axis  of  Venus,  its  distance  from  the  pole  of  the 
earth  will  be  16®,  and  consequently  again  very  near  that  found 
by  calculation,  which,  it  is  well  worth  observing,  is  almost  a  pep* 
feet  mean  between  the  two  numbers  16®  28'  and  16®  resulting 
from  the  inclinations  of  the  axes  of  the  sun,  of  the  earth,  and  c» 
Venus^  the  difference  being  less  than  3-^  minutes. 

The  celebrated  Euler,  suspecting  the  cause  of  the  variation, 
like  all  the  others  that  have  occupied  themselves  about  this 
subject,  to  be  within  the  earth,  iixea  the  north  magtieticpole  in 
longitude  96®  west  of  Teneriffe,  which  being  reduced  to  tne  me* 
ridian  of  London  brings  it  to  112®  23',  which  is  the  very  point 
where  it  must  have  been  then,  in  case  its  whole  revolution  be 
equal  to  the  period,  formed  of  liie  lunar  and  solar  cycles. 

When  we  reflect  upon  this  perfect  conformity  with  the  revo- 
lution of  the  planets,  we  can  hardly  entertain  a  doubt  conceifn-' 
ing  their  ruling  power  OTer  the  magnet.  We  acknowledge  tfaeir 
power  over  the  waters  of  the  sea,  not  because  we  see  them 
really  at  work,  but  because  time,  place,  and  degree  of  elevation, 
d,re  always  in  nerfect  harmony  with  their  respective  situations. 
From  them  we  nave  learnt  to  roretel  the  time  of  setting  in,  and 
the  quantity  of  the  tide  at  any  place ;  and  from  them  we  mef 
expect  to  learn  the  time  and  place  fev.juiy  particular  degree  of 
variation.  But  it  will  require  yet  some  labour  and  reflection 
before  we  shall  be  able  to  pronounce  with  certainty  upon  the 
extent  of  their  influence.  Could  we  depend  on  the  correctness 
of  former  observations,  the  work  would  be  greatly  abridged,  but 
the  errors  of  many  are  obvious.  For  example,  the  same  year 
1667  is  said  to  have  been  that  in  which  there  was  no  variation 
at  Dublin  and  at  London,  which  is  impossible,  if  the  variation 
follows  any  rule  at  al]«  as  I  have  no  doubt  it  does.  For  Dublin 
being  6^  6^  to  the  west  of  London,  the  time  when  there  was  no 
variation  there  must  have  been  about  nine  years  before  the  same 
could  be  observed  in  London.  Again  I  find  that  there  was  no 
variation  at  Paris  in  1666 ;  that  is«  nine  years  later  than  in  Lon- 
don ;  but  Paris  being  2®  20^  east  of  London  ought  to  have  exper 
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lienced  the  same  but  about  four  years  later.  I  find  otlier 
instances  where  the  variation  amounted  to  about  7°  in  68  years, 
and  afterwards  in  the  very  same  place  to  only  15  minutes  in  the 
whole  space  of  60  years.  These  contradictions  must  probably 
be  ascribed  to  the  incorrectness  of  the  instruments,  and  the 
intluenee  of  local  attraction.  Both  these  inconveniences  may 
now  be  considered  as  almost  totally  removed  by  the  great  im- 

firovemente  in  the  construction  of  compasses,  and  by  Dr.  Bar- 
ow's  apparatus  to  counteract  the  influence  of  iron.  The  best 
instruments,  however,  are  still  found  to  have  some  small  defects, 
g  jfhicb  must  be  ascertained  before  we  can  use  them  with  advan- 
_  I  see  in  Capt.  Parry's  voyage  in  the  years  1819  and  1820, 
at  at  several  places  the  variation  was  observed  with  four  com- 
18868,  all  of  the  best  workmanship,  and  y^t  they  all  disagreed, 
id  consequently  three  of  them  at  least,  if  not  all,  must  have 
sen  wrong.  But  this  is  no  objection  to  their  utility,  for  if  after 
e  experiment  has  been  repeated  with  all  of  them  in  difierent 
jts  of  the  world,  their  diffisrencea  are  found  to  bear  always  the 
me  proportion,  it  is  certain  that  we  may  then  conclude  from 
l^e  variation  of  any  single  one,  what  would  be  that  of  either  of 
me  remaining  three  ;  and  if  all  the  compasses  made  use  of  for 
discovery  had  first  been  tried  in  this  manner,  we  might  then  be 
able  to  reduce  alt  the  observations  to  one  common  standard,  in 
the  same  manuer  as  we  mayacquire  the  very  same  notions  of  the 
state  of  the  atmosphere  with  barometers  and  thermometers  of 
diSerent  constructioas.  I  have  no  doubt,  but  that  some  regard 
must  be  paid  to  the  teinperature  of  the  air,  besides  the  respective 
situation  of  the  sun,  moon,  and  the  earlb.  The  latitude  of  the 
magnetic  pole  might  also  be  sometimes  increased  or  diminished 
according  to  the  dechnations  of  tbese  objects,  and  it  remains  to 
be  determined,  whether  it  revolves  in  a  circle,  or  in  an  ellipsis. 
As  1  have  neither  instruments,  nor  any  of  the  resources  requisite 
for  the  investigation  of  so  intricate  a  subject,  I  must  resign  the 
honour  of  deciding  these  questions  to  those,  whose  happier  cir 
cumstances  allow  them  to  indulge  themselves  in  the  daily  con 
templation  and  admiration  ofthp  wonders  of  the  creation.    ' 

After  having  conceived  the  idea  of  establishing  my  theory  en 
the  revolution  of  the  heavens,  I  chose,  to  prove  it,  the  observa- 
tion made  in  London  by  Dr.  Gilpin  in  1812,  the  only  one,  of 
which  I  had  also  the  dip.  The  result  is,  as  I  have  mentioned 
before,  that  the  annual  progress  of  the  magnetic  pole  round  the 
pole  of  the  earth  is  nearly  in  direct  proportion  as  annual  pro>- 
gress  of  the  nodes  of  Venus  to  the  annual  progress  of  the  nodes 
of  the  earth.  It  would  have  contributed  greatly  to  my  satisfac- 
tion, if  1  had  been  able  to  obtain  the  same  result  from  two  or 
more  good  observations  made  at  the  same  time  in  different  lati- 
tudes and  longitudes,  but  these  I  could  not  procure  ;  for  those, 
which  I  might  have  taken  from  several  voyagesj  were  either  not 


Iree  from  local  attnctioo, '  or  in  other 'respecti  vfofit  for  the 
purpose. 

At  London,  in  1812,   the  variation  "waig 
24°  16' W.  and  the  dip  70"  32'.    To  find  the     ^-"  ^^ 

place  of  the  magnetic  pole  fW>m  these  data. 

P,  the  pole  of  the  earth. 

M,  magnetic  pole. 

L,  London,  latitude  61°  31'  N.  ^* 

P  L,  complement  of  latitude  38°  29'. 

M  L,  complement  of  dip  multiplied  by  2  =  38"  66'  /  L  = 
24°  16'. 

1.  Cosine  ^^  +  ^^  =  38° 42J-'  ..... .    9-892284 

2.  Cosine  5LlizZil  s    o    13^  9-999997 

3.  Cotang-^  =  12     8     10-667500 

20-667497 

4.  Tang,    ^^f*^  «  80° 28^  28".  . .  10-776213 

6.  Sioe,  No.l 9-796127 

6.  Sine,  No.  2 7-688760 

7.  Cot.  No.  3 10-667600 

18-266260 

8.  T.^^*"    .; 8-460133  =  1°  39'  8" 

Hence  /  P  =  85°    7'  36" 
/  M  =  78    49  20 

Sine,  No.  8 8'459882 

Sine,  No.4 9-993970 

Tang.2 .....7-693764 

17-687734 
Tang.^ 9-127862  =  7°  38' 4U" 

Hence  P  M  =  16°  17' 23" 

« 

Therefore  the  longitude  of  the  magnetic  pole,  in  1812  vrtt^ 
82°  7'  36"  west  of  London,  and  its  latitude  74°  42'  37".  In 
1667  its  longitude  was  180 ;  therefore  in  166  years  it  has  pro* 
ceeded  97°  62'  24",  or  37'  63''-l87  per  annum. 


S 


s         \ 
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A  tabk  of  the  progress  ^f  tbe  ma^etfc  poli^  as  derired  £r6tik 
the  dip  and  variation  observed  in  London  in  the  year  1812. 


N 


Number  of  ,YevB. 

1  0°  37'  63'^  11^^22 


2  1  15  46  22-44 

3  1  53  39  33-66 

4  2  31  32  44-88 

5  3  09  "25  66-10 

6  3  47  19  07-32 

7  4  26  12  18-54 

8  6  03  06  29-76 

9  6  40- -68  -40^98 
10  6  18  -61  -52-20 

1  month  0  03  09  25-93 

Progress  of  the  magnetic  pole  according  to  a  mean  between 
that  deducied  from 

1.  The  annual  precession  of  the  nodes  of  Venus  and  of  the 
earth.  < 

2.  The  tropical  revolution  of  Venus  and. the  earth.    ' 

3.  The  penod  of  eclipses.  ' 

4.  The  Dyonisian  period  formed  of  the  solar  and  lunar  cycles. 


Numliet  of  Yeaa;            

1 

0"  38'-  ^O*  ■47-«^8 

2 

1     16    41    34-66 

3 

1    65    02    21-84 

•  .  ■ 

4 

2    33    23    09-12 

5 

3    11    43    66-40 

6 

3    50    04    43-68 

7 

4    28    26    30-96 

8 

6    06    46    18-24 

9 

5    46    07    06-62 

•    ■>•■■■'  i  -  ■ . 

10 

6    23    27    62-80 

60 

31    67     19    24-00 

100 

63    64    38    48-00 

1  month  0      3     11    43-814 

•     " 

The  whole  revolution  in  563-28  years,  which  i 

is  very  nearly 

the  period  of  eclipses, 

and  may  probably  require 

to  be  reducea 

to  it  to  be  peifect.    A  few  examples  calculated  according  to  this 

table  will  leave  little  doubt  of  its  being  nearly  correct.   > 

3  , 

-< 

/      ^  P  =  80° 

66'   l7''-86 

London, 1812.        \ 

/        L  L  =  24 

16    3000 

P  L  =  38    29    00-00 


« 

2.  Cog.  -^^-—^  -  28    19    64  ......    8-94459 

3.  T.        ?i     =*19    14    30  ......    9-64289 

19-48748 

4.  T.      £HiS^s3  26    60    07  .......    9-70408 

6.  Sine, N(xl *«..,.«..>    9-90008 

6.  Sine,  N<j..2  * ».,«,..    9-67630 

7.  T.No.3,^, 9-54289 

19-21919 

8.  y'M^Mi.  10-31911  =  11*  46*  39^ 

Therefinn!  M  L .=3^  96  46 

PM » =  15  03  28 

Dipa»90--^ML .  =  70  41  27 

By  observation » 70  32  OO' 

Difference ,        0    09    27 

Sine  8 ..*......  9-30987 

Sine  4 ».,..,»..,,  9-66469 

19-88613 
Cotan.  ^... ......... .10-07626  =  39°  69'    16"   . 

/  M  =  79    68    32 

For  1814.  /  P  SB.  79°  39* ,  a6i,« 

Pl4«38  39 

P  M  ax  16  03    28  recording  to  the  preceding 
sample. 

1.  Cos.  Ih^  =  26"  46'    I*'. .... .    9-95077 

2.  Ci».  ^i^i5  ss  n    42    46 9-99087 

3.  Cot.  .^^^    =:39    49.  4« 10-07881 

20-06968 

4.  T.  /  5^i^     *=  62    44    60  ......  10-11891 
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6.  Smel 9-65362 

6.  Sine  2. 9-30760 

7.  Col.3. 10-07881 

19-38631 
g^zMooL 9-73369  =  38»  23^  08» 

Therefore  /  M =  81  07  58 

/  L.  , =  24;  21  42 

Was  observed  in  August  ......=  24  21  10 

Difference  . ......... .,4,.\..=    0  0  32 

Sine 8.,..    9^7706  •  =''       ' 

Sme4....    9-90089 

T.  2  .  ....    9-31664  ' 

19-21763 

T.  ?^  ,.    9-54047  =  19°  08'  33'' Gon^Ieinent  of  dip. ' 

Dip.  ..  =  70    51    27 

M  L  . .  =  38    17    06 


\ 


How  much  the  dip  was  by  obseri^ationy  I  do  not  know;  but  to 
jadge  by  that  of  1812,  this  cannot  be  far  from  the  truth,  becamse  . 
it  nrast  necessarily  have  increased  since. 

According  to  the  series  of  ofoserrations  placed  at  tlie  end, 
with  which  1  have  been  faroared  lately  by  some  gentlemen  of 
the  Royal  Society,  it  appears  that  the  variation  had  attained  the 
highest  degree  in  1814,  and  that  it  has  been  gradually  dimi- 
nishing from  that  time*  This  diminntioiY,  however,  is  not  a 
raffieient  proof  of  the  actual  return  of  the  needle  towards  the 
north :  for  I  find,  from  a  number  of  observations  made  by  Dr. 
Gilpin,  that  a  much  greater  diminution  had  taken  place  in  an 
equal  space  of  time  to  that  from  1814  to  1824,  after  which  the 
variation  was  found  to  increase  again ;  namely,  in  1800  it  was 
observed  24°  36''  W.  and  in  1809  it  was  found  by  the  same 
gentleman  24°  1 V ;  that  is,  25  minutes  less ;  after  which  it 
appeal  to  have  continued  to  increase  until  1814,  when  it 
amomited  to  24°  2V  10^^^,  and  has  retrograded  since,  in  the 
space  often  years,  to  24°  9'  33'',  which  is  only  IT  37'' less  than 
the  greatest  of  1814.  If,  therefore,  25'  diminution  in  nine  years 
did  not  xyohfirm  the  return  of  the  needle  towards  the  north,  much 
less  cattH'^  37"  diminution  in  10  years  confirm  such  a  return ; 
and  thi^  It^nestion  must  as  yet  remain  undecided.  I  have  further 
to  obsei'm  ithat  the  /.  M  in  the  Idist  example,  being  less  than 
90°,  supposing  the  data  correct,  is  an  evident  proof  that  the 
variation  had  not  then  attained  its  highest  degi^ee,  which  can 
only  take  pliEK^e  when  that  angle  is  90°,  which,  according  to  the 
last  given  annual  progress^  will  be  in  the  year  1829>  v^keY^t^st^ 
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variation  wiU  be  24^  4(K  31";  thedip  72°  04'.  44%  and  the  Ion. 
gitude  of  the  magnetic  pole  70^  12'  52"^,  its  latitude  74^  6&  32". 
When  I  say  that  these  things  are  to  take,  place,  it  will  be 
understood  of  course  that  I  do  not  pretend  to  affirm  it  positively, 
but  only  so  far  as  the  obserrattons  which  1  have  made  subser- 
vient to  corroborate  my  theory^  are  correct.  So  much^  1  am 
confident,  is  true,  that  the  annual  progress  cannot  differ  much 
from  what  I  have  stated  it  to  be,  and  that  in  everjr  case  it  will 
be  found  dependant  on  some  one  of  the  astronomical  periods 
which  I  have  mentioned.  An  inquiry  into  the  cause  of  variation 
seems  therefore  to  be  a  subject  as  much  deserving  the  atten- 
tion of  the  astronomer  as  that  of  the  tide  and  the  monsoon,  with 
both  of  which  it  is  probably  connected.  The  result  of  his  obser- 
vations being  every  year  inserted  in  the  Nautical .  Almanlu^, 
would,  I  should  think,  be  of  material  service  to  the  mariner.  I 
need  not  say,  how  easy  it  would  be  to  find  the  longitude,  if  we 
could  depend  on  the  exactness  of  the  dip  and  variation,  as  this 
must  be  obvious  to  every  mathematician.    It  is  therefore  of  the 

S'eatest  importance,  that  we  should  learn  to  determine  the  true 
p  and  vanation,  though  the  instruments  made  use  of  should 
not  be  quite  perfect,  in  the  same  manner  as  we  may  know  the 
.exact  time  of  the  day  by  means  of  an  incorrect  watch,  as  soon  as 
we  are  acquainted  with  its  defects.  I  have  been  told  that  the 
dip  caniiot  be  depended  on  so  much  as  the  variation ;  but  on 
examining  a  series  of  observations  miade  by  Capt.  Parry  and 
Capt.  Lyon,  1  find  to  the  contrary  the  dip  almost  constantly  very 
nearly,  what  I  Should  have  expected  it  to  be,  whilst  tiik  variation 
bears  not  the  least  resemblance  to  truth ;  for  I  see  it  constantly 
west,  when  I  had  every  reason  to  think  it  would  have  been  east. 
The  only  way  of  accounting  for  this  contradiction  is  to  suppose 
that  the  poles  of  the  needle  have  been  changed,  a  fact  which  I 
have  often  witnessed  myself;  and  concerning  the  reality  of 
which  the  following  passage,  taken  from  the  Imperial  Encyclo- 
psadia,  will  remove  every  doubt: — 

''  Although  magnetic  attraction  generally  takes  place  only 
between  the  opposite  poles  of  two  magnets,  yet  it  often  happens 
that  though  the  north  pole  of  one  magnet  oe  presented  to  the 
north  pole  of  another,  that  they  show  neither  attraction  nor 
repulsion ;  but  that  when  placed  Very  near  each  other,  they  will 
attract.  For  it  often  happens  that  one  of  the  magnets,  being 
more  powerful  than  the  other,  will  change  the  pole  of  that  other 
magnet,  and  then  an  attraction  will  take  place  between  two 
poles  apparently  of  the  satiie  name,  though  in  fact  it  is  an 
attraction  between  poles  of  different  names,  because  one  of  them 
has  actufJly  been  changed." 

Confirmed  in  my  opinion  by  this  passage,  I  concluded  that  if 
the  poles  of  the  needle  had  exchanged  places,  that  end  of  it 
^whicby  without  such  a  change,  woukl  have  pointed  eastward, 
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must  now  Decessarily  point  westwaxd,  and  that  to  judge  rightly  ^^M 
of  the  variation,  we  ought  to  make  it  equal  to  the  supplement  of  ^^| 
that  marked  by  the  compass,  and  call  it  by  a  contrary  name.  ^^^ 
Experience,"  however,  did  not  quite  answer  my  expectations; 
for  in  the  first  example,  where  I  supposed  the  variation  would 
turn  out  to  be  61°  44'  E,  being  the  supplement  of  118°  16"  W; 
computation  gave  only  33°  50'  26"  ;  that  is,  nearly  eight  degrees 
less  ;  but  the  dip  was  only  38'  36"  less  than  that  by  observation. 
Suspecting  now  that  the  dip  observed  might  be  nearly  correct, 
and  having  uttle  doubt  but  that  the  longitude  and  latitude  of 
the  magnetic  pole,  calculated  for  the  time  of  observation  by  the 
table  of  mean  annual,  motion ;  namely,  38'  20"  47'"-28,  would 
not  be  far  from  the  truth,  1  concluded,  that  the  dip,  with  the  lati- 
tude of  the  place  of  observation,  would  suffice  to  find  the  longi- 
tude in  spite  of  the  irregularity  of  the  compass  and  of  time- 
keepers, without  any  astronomical  observation  but  what  was 
requisite  for  the  finding  of  latitude.  The  result  was  satisfactory 
beyond  all  expectation ;  the  difference  of  longitude  observed  aM 
that  by  computation  being  but  half  a  minute.  *  * 

Observations  from  Capt.  Lyon's  last  Voyage, 

10.— Regent's  Inlet,  Latitude 72°  46*  N 

Longitude 89  41  W 

Dip 88  26 

Variation 118  16  W 

Computed  latitude  of  magnetic  pole 71  10 

Computed  longitude  of  ditto 98  16 

•.Supposing  the  longitude  unknown,  how  could  it  be  found  by 
B^e  data,  of  which  the  three  last,  owing  to  the  irregularity  of 
B  compass,  are  positively  wrong? 

Solution.  V     ^^^1 

P-M,  complement  of  latitude  ^.^^"^  J  \  *^^H 

[  of  magnetic  pole 15*  03'    28"       /^.-.■'-■^     \ 

f  K,  complement  of  latitude  ^.^-^""^  i 

of  Regent's  Inlet 17  15     00  ""  | 

''M  R,  double  complement  of  I 

dip  corrected  87°  47'  24"      4  25     12  J^ 

P  L,  meridian  of  London,  and  angle 
MPL,  longitude  of  magnetic  pole  in  1820  at  0°  38-  20"  47-**28 
umual  progression  ="75°  49'  31^",  its  latitude  considered  an 
invariable  quantity  =  74°  56'  32". 

Sine  P  M  =  15°   03'    28" 9-41462 

SinePR  =17     15    00  9-47209 

,  §uni 18-88671 


If  -Hr.BoMroiiifAr  ffttAi 

Gemplement  of  sum  • , ....*•••*••  1*11329  (a 

Sine  of^  sum  of  three  sides....  18"  21'   60"  ....  (h49837  {k 
Sine  ofdiflfer.of*  sum  and  side?  j3    gg    38  ....  9-38196  (ifc 

Sam  of «,  6,  e. .r«.  2)19-99362 

Cosine  iC  |  =  6*66» 9^9681 

Therefore  ^  P. »  13^  52^ 

-h  Longitude  of  magnetic  pole,  or  /  M  P  L  =  76    49  -  3l4* 

II  I  ••   I  I  '   r 

Hence  long,  of  place  of  observation  *«.4......  89    41    31^ 

Long,  observed* ......t.  89    41    00 


i«*»«ir«M«avM«M 


Difference .«« «  0      6    31^ 

After  lio  perfect  ah  agreement  between  obsemition  and  eom- 
putation,  I  nave  reason  to  tlunk  that  I  had  determined  the  ttnt 
j^ace  of  the  magnetic  pole  for  the  time  of  obsenration,  and  that 
consequently  it  may,  npon  the  same  principle,  be  detehdined 
for  any  particular  time,  its  revolution  bein^  necessarily  as  regular 
as  the  course  of  the  stars.  If  this  rqralanty  be  once  irrevocably 
established,  we  shall  have  one  side  r  M  of  the  triangle,  utd  the 
an^le  M  P  L  constantly  given,  and  P  R,  the  complement  of 
latitude,  mostly  without  much  difficulty.  If  then  bv  any  means 
we  can  succeed  in  discovering  the  error  either  of  the  variation, 
or  the  dip,  we  shall  always  have  a  sufficient  number  of  data  for 
the  discovery  of  lopgitude*.  I  know  that  the  longitudes  and 
latitudes  of  the  magnetic  pole  calculated  by  Capt.  Parry  and 
other  gentlemen,  agree  with  their  relative  variations  and  dip, 
but  they  must  be,  calculated  for  every  new  observation,  and  every 
new  result  contradicts  all  the  preceding  operations,  which,  I  am 
confident,  is  owing  to  an  error  of  the.  compass,  and  not  to  a  real 
shifting  of  the  magnetic  pole. 

The  change  of  position  in  the  pole  is  slow  and  regular,  and  I 
have  sufficient  reasons  to  believe  that  I  have  not  erred  much 
respecting  the  rate  of  its  periodical  progress,  or  that  I  have  at 
least  pointed  out  the  means  of  determining  it. 

If  this  be  done,  the  most  important  question  will  be,  how  we 
may  discover  the  errors  of  the  compass  and  of  the  dipping  nee- 
dle, if  we  cannot  prevent  them  ?  I  should  think,  that  tne  follow- 
ing experiment  might  be  a  means  of  obtaining  that  end,  or  at 
least  pf  facilitating  our  research  after  it.  Having  determined  the 
situation  of  the  magnetic  pole  by  the  preceding  table  for  any 
particular  time  in  London,  and  calculated  the  variation  and  dip 
accordingly,  then  an  observation  made  with  a  compass  tlnd  dip- 
ping needle  would  show,,  how  near  their  quantities  ag^ee  with 
those  found  by  calculation,  and  the  same  operation  being 
repeated,  with  the  very  ^ai^e  instruments^  at  different  places,  at 


IMS.}  45flMafM«fii^IIMm^^(^^  IB 

a  proper  distance  from  one  another,  then,  if  the  differences 
between  the  quantities  caleulated  and  the  quantities  observed, 
bear  every  where  the  same  ratio,  it  is  obvious,  that  these  instru- 
meiit8>  were  diey  ever  so  defective,  would  become  as  usefoPas 
tbe  most  correct,  since  we  could  always  make  a  proper  allow- 
ance for  their  defects. 

Peifaaps  as  good,  and  a  shorter  way  would  be,  to  make  the 
obaervation  with  several  compasses,  and  as  many  dipping  needles, 
marked  A,  B^  C,  D,  and  having  noted  the  difference  of  each,  and 
the  ▼ariation  and  dip  found  by  computation,  one  might  be  sent 
to  Petcrsbm^,  another  to  Berlin,  a  third  to  Vienna  or  Pans^ 
and  a  fourth  to  Edinburgh,  and  a  particular  day  and  hour 
appointed  for  the  observations  to  be  made.  The  result  of  these 
oosenrationa  would  also  be  particularly  useful  to  correct  any 
orror  respecting  the  place  and  periodical  revolution  of  Uie  mag* 
aetic  pole.  That  we  ou^ht  to  make  the  compass  to  agree  wm 
the  place  of  the  magnetic  pole,  and  not  the  situation  of  that 
pole  with  the  compass,  will  not  be  disputed,  unless  it  v^ere  by 
one,  who  would  regulate  the  sun  by  the  clock  instead  of  r^gulat^ 
ing  the  clock  by  the  sun. 

Magnetic  Variations. 

1811— Sept.  24^  14'  02" 

]813~Oct.  24  16  30 

1813— Sept.  24  16  40 

1814— June  24  16  42 

July  24  17  64 

Aug.  24  21  10  greatest 

Sept.  24  20  33 

1815T^iine  24  17  50 

1816  24  17  54 

1817  24  17  00                  , 

1818  24  15  43 

1819  24  14  47 

1820  24  14  44  Dip  about  7r  6' 

1821  24  11  18 

1822  24  09  55 

1823  24  09  48 

1824  24  09  33 
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Article  IL 

On  a  Compound  of  Iodine  and  Carbon,    By  Mr,  M.  Scanlan. 
<To  the  Editors  of  the  Annals  of  Philosophy.) 

OBNTLEMEK,  nmhUn^  April  %\,  1895. 

«  In  oontrimg  a  process  for  making  iodide  of  potassium^ 
which  struck  xne  as  less  objectionable  than  those  witn  which  I 
was  already  acquainted,  I  have  formed  a  combination  of  iodine 
and  carbon  which,  so  far  as  I  know,  has  not  been  described  by 
chemists. 

It  may  ba  thus  obtained  :  ..  .  ^  . 

Add  to  an  alcoholic  solution  of  iodine  caustic  potash  till  the 
colour  be  destroyed,  the  liquor  becomes  turbid,  and  a  white 
crystfilline  deposition  ensues  which  is  iodate  of  potaab  :  jdistil, 
■witb.'aTery  ^nde  heat,  the  alcohol  from  the  clear  UquQJ^^wIjicb 
18  yellowish ; .  and  oa  cooling,  this  substance  is  deppsiled  in 
smal^  micraceous  plates,  opaijue,  and.ofabright  sulphiu}:jc^low 
colqjiuf,;:  the  solution  ofhydriodate  of  potash  retains  o^s^LB^tely 
a  po^^^  of  it  which  cannot  be  separated  without  decoippa^t^ibn. 

.Jjpdidti^  of  carbon,  if  I  may  so  name  it,  has  a  po>y^iil  and 
uoifiiittip  odoiur  s  resembling  saffion.    It  is  solijul^e  in 

aico^cil^.and  precipitated  therefrom  by  water  yellowi^h-w^ite. 
It  ri^es.  in  distillation  with  water  unchsMi^ed,  btit  is  readily 
decomposed  by  a  heat  little  higher  than  boihng  water.  Ei{{)Qsure 
on  a  piece  of  writing  paper  over  the  flame  oi  a  candle  readers 
visible  the  violet  ys^our  of  iodine :  heated  ii>  a  glass  tube,  it  m^lts, 
and  is  decomposed  ;  iodine  sublimes  leaving  carbon. 

Heated  with  iron  or  zinc,  an  iodide  of  the  metal  is  formed. 

Its  alcoholic  solution  by  spontaneous  evaporation  yields  slen- 
der prismatic  crystals. 

I  have  not  yet  made  any  yeiy  satisfactory  experiments  to 
ascertain  the  proportions  of  its  elements,  but  it  appears  to  me, 
firom  such  trials  as  I  have  made,  that  the  best  method  of  analysis 
would  be  to  expose  it  to  a  sufficient  heat  in  a  sealed  tube  mixed 
with  iodide  of  potassium ;  the  iodine  sublimes  into  the  copied 
end,  and  the  carbon  may  be  separated  from  the  iodide  by  means 
of  water.  , 

In  this  way  the  weight  of  each  element  might  be  determined 
in  the  one  operation.  M.  ScaniIam. 


■/ 


'Sote. — Mr.  Faraday  has  had  the  goodness,  at  my  request,  to 
examine  the  specimen  of  the  supposed  iodide  of*  carbon^  for- 
warded to  us  by  Mr.  Scanlan.  ^  The  following  is^he' re^orb  we 
have  li^^bn  favovfred  with  ;by  htm  on  the  subject.'  'Od^  readers 
wiU  ir^ltecit  thfiit  we  o  We  die  dick^orery  Of  the  MSHSdide  ofcar^ 
fen  to  Mr.  F«nt(toy.-^C.  ^V     '^ 
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,]    Mr.  Faraday  oit  a  Compound  of  Iodine  and  Carbon. 

DEAR  SIR,  Rosal  Inititation,  Jane  S,  IS!5. 

I  KECEivED  the  substance  you  refer  to  in  your  note  a  day  or 
two  ago  from  Mr.  Brande,  and  have  e^iamined  it  so  far  as  to  be 
able  to  say  it  is  not  the  hydriodide  of  carbon  which  I  made. 
With  reference  to  its  being  an  iodide  or  an  hydriodide  of  carbon, 
I  am  not  quite  so  sure.  It  is  I  perceive  the  same  substance  as 
was  shown  to  me  by  Mr.  Cooper,  I  should  think,  two  years  or 
raore  ago,  and  which  he  obtained  during  the  preparation  of 
iodine  in  large  quantities.  Mr.  Cooper  considered  it  at  that 
time  as  an  iodide  of  carbon,  analysing  it  by  passing  it  over 
oxide  of  copper,  I  saw  many  of  his  experiments,  but  was  not 
(|uite  convinced  thai  it  contained  no  hydrogen.  I  know  he 
intended  to  publish  his  experiments,  but  have  heard  nothing  of 
tbem  since. 

The  number  of  iodine  is  so  high,  and  the  number  of  hydrogen 
so  low,  that  it  is  very  difficult  to  detect  and  confirm  the  exist- 
ence (or  to  disprove  it)  of  one  proportional  of  the  latter  in  com- 
pounds of  the  tormer ;  a  proportional  of  hydrogen  coming  within 
the  limits  of  probable  errors  in  experiment,  I  am  of  opinion 
that  the  compound  you  sent  rae  contains  hydrogen ;  indeed  I 
am  certain  of  it,  for  when  distilled  in  contact  with,  and  over 
heated  zinc  filings,  a  gas  is  evolved  which  is  combustible,  and 
contains  hydrogen ;  but  whether  this  substance  results  in  conse- 
quence of  its  existence  in  the  compound,  or  whether  it  is  due  to 
adhering  moisture,  is  more  than  I  could  say  without  entering 
into  a  course  of  precise  experiments.  It  appears  to  me  also  to 
resemble  the  hydriodide  of  carbon  which  SeruUas  obtained. — 
{Ann.  deChim.  xxii.  172,orJoumal,  xv,  297.) 

I  am,  dear  Sir,  yours  very  truly, 
J.  G.  Children,  Esq.  M.  Fabadat, 

|..,,„.,.„..„.„.„. 

^^Btng  t/ie  Copper  of  ^bipf  bj/  Elcctrochettncal  Action,   Extracte_ 
^^.from  the  Letters  of  a  Correspondent,  and  Dr.  Stewart  Traill. 

1.  The  Caniebrea  Castle,  an  Indiaman,  belonging  to  Messrs. 
Wigram,  of  650  tons  burden,  was  protected  last  spring  by  a 
quantity  of  iron  in  four  portions,  two  on  the  bow,  and  two  on  the 
Btern,,,^qual  to  from  -p^,  to  -^ti  part.  She  has  since  made  the 
voyage  t,o  India,  and  was  for  some  time  in  the  Ganges. 

She  appeared  bright  and  clean  during  the  whole  of  the 
voyage  out  and  home ;  some  mud  collected  on  her  bottom  in  the 
Ganges;  .but  iniinedlately  disappeared, when  she  began  to  Sail. 
She  was  put  Into  dry  dock  about  a  fortnight  ago,  and  ner  bottom 


Article  III. 


I'l^  Copper  SheaiJang^  [JtJi^Y^ 

examined  bv  Sir  H.  Davy,  the  proprietors,  and  v^^ri^ug  other 
persons.  JSvery  part  of  her  bottom  was  bright  fund,  ^leau  with" 
out  a  single  adhesion  of  any  kind,  and  as  far  as  could  be  judged 
from  the  smoothness  and  appearance  of  tlie  copper,  it  had  jc^it 
been  at  all  worn  by  any  chemical  corrosion.  Tne  iropi  whicb 
was  about  an  inch  and  naif  in  thickness,  is  considered  a  sufl^cient 
protector  for  two  voyages  more. 

2.  The  Elixiabeth  yacht,  belonging  to  the  Earl  of  Darnley,^;j9p 
protected  by  two  pieces  of  malleable  iron  in  the  stem,  ijaS^I^ 
last,  equal  to  about  ^^^  of  the  surface  of  the  copp^jr. .  >M^r 
being  employed  in  sailing  during  the  summer,  shQ  was  exAfloip^ 
in  Norember,  when  her  oottom  was  found  free  from  adhesion 
of  any  kind,  and  apparently  untouched.  The  copper  was  bng^^ 
and  even  the  nails  not  tarnished.  In  the  course  of  the  suminer 
afewsmall  barnacles  had  adhered  to  the  rust  of  iron,  which  if^e 
easily  and  immediately  washed  off;  but  no  weed  or  §)iell,:As)i 
had  ever  fixed  on  the  copper,  which  appeared  in  tlie  «jp^  sjta^ 
aff  when  she  left  the  docL 

I^e  following  examples  we  owe  to  the  kindness  of  t^u  IQwP : 
The  4hip  Huskisson,  belongingto  Mr.  Horsfall,  was  laMy^p 
dock  after  a  voyage  to  and  from  Demerara,  where  she  hyi^tvaf^ 
weeks,  in  a  river  remarkably  favourable  to  the  adhe^ioa  <M  i§aK»- 
«tical  animals  and  weeds ;  yet,  when  I  examined  this,  yj^^^, 
h^r  copper  appeared  perfectly  clean,  as  far  as  it  could  bf^-ipte^ 
when  she  was  purposely  ^se^  by  the  stem  in  unloading,  in  Qr4M;^ 
show  her  copper  at  the  bows  as  low  as  possible.  ■  The  Cajj^t^ 
stated  that  before  coming  into  port,  while  yet  in  clear -i^litei^JtP 
had  seen  her  bottom  even  to  the  keel ;  and  it  seemed  ^  I^m 
({uite  ^leaa.  This  ship  was  defended  by  two  bfurs.  of  miallQpile 
iron  bolted  along  the  sides  of  her  keel  by  copper  fiiuitenvigp, 
which  covered  about  ^  of  the  surface  of  her  copper.         :,  ^ 

The  Elizabeth,  a  vessel  defended  exactly  in  the  same  fi^^f^e^, 
with  metals  in  the  same  proportions,  had  made  the  same  yoyag^. 
Both  had  been  newly  coppered  when  they  last  left  Livefpogl ; 
aad'the  Elizabeth's  copper  appeared  equally  cleai^  aA-..4#^9.#f 
1km  Huddsson  when  unloaded;  but  as  she  didaot; j||n{^t.a 
gramng  dock,  we  cannot  absolutely  say  whether  Bha-,¥i^t<qgf||e 
clean,  especially  as  the  copper  of  the  Dorothy  (about.to  ,btl^f|#- 
tioned)  appeared  equally  so,  until  she  was  seen  in  tbe^giJI^Js 
dock,  when  the  flat  part  of  her  bottom  was  found  to -^  Xffg^ 
covered  with  barnacles.  The  copper  of  the  Husl^m^Jiutfe  is 
reason  to  believe,  was  petfectly  cleany9i&  was  j^ov^u^  i$%9^t 

case)    -    ^       ■  ^    y^j.ysiA^yj^ 

The  ship  Dee. — A  very  large  vessel  belon^ng  tot  iskfjit^iji^i^, 
H#.:  Saadoftch.  This  shb.was  newl]F-cQ]^>eredj|1^93|ft|qr^ve 
months  ago,  and  a  bar  of  msJleable  iron,  about  4  of  an  inch 
thick,  anJbtihiB^e  jact^  broad,  waft  jagtsned  jjn  jjiqa  side  of  the 
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Copper  Sheathing. 

■kMj'by  **»««  spikes.  It  covered  about  ^  of  the  surface  of  her 
copper.  Since  that  period  she  has  made  two  voyages  to  De- 
meran,  and  was,  at  the  conclusion  of  the  lost,  put  into  a  grav- 
ing dock,  when  her  copper  was  found  perfectly  free  from 
corroBioB,  and  there  were  scarcely  any  substances  adhering  to 
it,  except  a  very  few  minute  barnacles,  near  the  keel /iwe  and 
aft.  TniB  case  shows  that  over  defence  was  not  the  cause  of  the 
fouloess  of  the  bottom  of  the  Trckler:  for  both  in  this  vessel 
and  in  the  Huskisson,  the  proportion  of  iron  to  the  copper  was 
greater  than  in  that  ship.  The  iron  spikes  employtd  to  fasten 
tile  iron  on  the  keel  of  the  Dee,  were  so  much  corroded,  as  to 
endanger  the  falling  off  of  the  bars ;  copper  nails  are,  therefore, 
to  be  preferred. 

The  Dorothy. — Dr.  Traill  states^  that  the  following  particulars 
of  the  Dorothy's  outfit  and  return,  were  communicated  to  him 
bvhis  intelligent  friend  Mr.  Horsfall,  one  of  the  owners  of  the 
sbip  inthe  beginning  of  May : — 

"  The  Dorothy  had  been  coppered  about  a  year,  and  had  made 
one  voyage  to  Bombay  and  back  to  this  port,  when  in  May, 
1824,  it  was  determined  to  place  bars  of  iron  four  inches  broad, 
%itA  one  inch  thick,  along  her  keel,  covering  about  -^  part  of  the 
copper,  in  the  expectation  that  the  iron  would  at  least  so  far 
preserve  the  copper  from  corrosion  that  it  miglit  be  permitted  to 
run  a  seCAnd  voyage  to  India  without  being  renewed,  which  can 
eeUom  be  done  with  perfect  safety.  The  iron  extended  from 
ooeeitdof  thekeel  to  the  other,and  was  fastened  on  with  copper 
otilB  with  large  heads.  The  Dorothy  thus  defended  sailed 
again  for  Bombay  in  June,  and  returned  to  Liverpool  about  a 
aoQ^  since.  She  was  put  into  the  graving  dock  yesterday 
(Bby  3),  and  an  examination  of  her  bottom  took  place  as  soon 
w  we  water  had  left  her. 

"  The  copper  appeared  no  more  reduced  than  at  the  termina- 
tion of  the  first  voyage.  The  iron  was  diminished  generally 
•boat  \  iiieh  in  breadth,  and  from  ^  to  .f  an  inch  in  thickness. 
At  the  ends  of  the  vessel,  for  about  two  or  three  feet,  the  iron 
was  much  more  reduced  than  at  any  other  part.  It  was  covered 
with  tiie  usual  rust,  not  at  all  resembling  cast  iron,  under  similar 
circumstances.  The  flat  of  the  ships'  bottom,  from  end  to  end, 
and  from  sis  to  eight  feet  in  breadth,  was  full  oi  fleshy  barnacles 
(hpos  anatifera)  of  uncommon  length,  and  a  few  of  the  large  bard 
■hell  species  (balanus  tintinnabulum).*" 

What  remains  of  the  iron  is  still  considered  a  sufficient  pro- 
tecttnn  for  a  third  voyage  to  India,  and  "  it  appears  only  to  be 
necsBsary  to  drive  the  large  copper  nails  up  a  little  to  secure  the 
iBHBibwm  for  the  next  voyage." 

"^Nvf*  btf  Dr.  Traill. — We  remarked  that  tbe  specimens  of  tbc 
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i$  Pfqf.  Skdgwick  on  |{J|rLiq» 

lepas  anatifera  were  considerably  larger  on  the  tiat^foafd  tbani  oji 
the  larboard  side  of  the  ship.  On  noticing  this  to  the  Captain, 
he  informed  us  that  the  larboard  had  been  the  lee  side  of  the 
vessel,  almost  constantly  during  the  passage  to  Europe,  and 
consequently  most  deeply  immersed  in  the  water — a  ciroaair 
stance  in  the  economy  of  these  animals  not  unworthy  of  notice. 

■     ■    ■ 

It  is  evident  that  in  all  these  last  cases,  particularly  in  the  ftU^ 
Dorothy,  the  proportion  of  iron  has  been  too  large,  and  twi 
quantity  of  calcareous  earth  on  the  bottom  of  this  ship  proTaf 
uiat  the  electro-negative  action  has  been  in  excess.*«-£l.         >  i 


I 
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Article  IV.  ^     . 

»  ■*■■■■-, 

On  Diluvial  Formations.  By  Professor  Sedgwick. 
'  (To  the  Editors  of  the  Annals  of  Philosophy,) 

.     :  GJpNTLE^IEN,  Trimti^  CoUege,  Camiridgt,  JKag^  l^p. 

•  TfiB  following  remarks  on  certain  diluvial  deposits  fon^:t 
supplement  to  a  paper  which  you  did  me  the  honour  to  pablish 
in  tne  4^nnals  of  Philosophy  for  the  month  of  Aprih  CifciniJit 
stances,  over  which  I  have  had  no  control,  have  prevented  mi 
from  resuming  the  subject  sooner;  but  I  venture  to  hop^^M 
the  statements  which  are  now  offered  for  insertion  in  your  jqm» 
nal,  will  be  found  sufficient  to  explain  and  vindicate  thie  opiniOM 
advanced  in  my  former  communication.  -i! 

I  have  the  honour  to  be,  Gentlemen,  : ';;•! 

Your  most  faithful  servant,  .-.i'^.s 

A.  SBii«w»i9i|D.  ,Mi 

Separation  pf  Alluvial  and  Diluvial  JFormati^HS*'      .mv; 

•  In  my  former  paper  on  the  origin  of  alluvial  and  dihMM 
formations,  I  endeavoured  to  explain  the  nature  of  the  evid^usf 
on  which  the  two  classes  of  deposits  had  been  separated  frdtt 
each  other;  and  I  also  endeavoured  to  show,  that  diluvial  fomtif^ 
tions  have  not  originated  in  a  succession  of  partial  and  transieni 
inundations  occasioned  by  the  bursting  of  lakes,  or  by  the  ordl'^ 
nary  operation  of  any  cause  with  which  we  are  acquainted.  The 
last  oonelusion  might,  perhaps,  be  established  by  showing  the 
constant  order  in  the  position  of  the  two  deposits,  and  the  differ* 
ent  sMites  of  organic  remains  contained  in  them. .  }t  dedivcs, 
however,  its  most  direct  support  from  the  two  followifig'scoMi^ 
dgrstidjps. :.  jb*  That,  with  very  limited  exceptions/  tl^e  ftaitii'ft 
sur£^ekj^hj(^  of  ancient  lakes  capable  gf  prpc^icjtig 
wy    portif«M^  ih^ 


(tUbovg^  ftgainit  ^«ot  evidence)  the  existence  ef  sUotl  ILPcieat 
lekfi^f.  we.  shall. not|  by  that  hypothesis,  introduce  an  ageqt 
eapable  o£  producing  the  diluvial  debris  which  is  exhibited  on 
almuftt^  eveiy  part  of  the  earth's  surfiEice  which  has  bei^n  well 
enmioed. 

vlaillnBtvation  of  the  first  of  these  two  assertioDSi  I  need  only 
state,  after  Prof.  Buckland,  that  in  none  of  the  higher  parts  of 
^gland-  ont  of  the  reach  of  ordinary  floods,  have  any  traces 
hifit>  yet  discovered  of  lacustrine  terraces,  such  as  those  which 
•recufiea  ia  one  or  two  of  the  glens  of  Scotland,  or  of  any  other 
deposits  indicatms  the  former  presence  of  extensive  tracts  of 
Stagnant  water.  The  hypothesis  which  ascribes  the  distribution 
of  the  enormous  masses  of  diluvial  gravel  existing  in  so  many 

Jiarta  of  our  island  to  the  agency  of  a  series  of  lakes,  whica 
rom  time  to  time  have  burst  their  barriers  and  descended  to 
lower  levels,  may,  therefore,  at  once  be  rejected  as  gratuitous. 

JDiluvian  Action  proved  from  the  Form  of  many   Valleys  iff 

Denudation. 


is  mother  independent  reason  for  rejecting  the  hypo- 
Amm^  wfaieb  may  be  properly  stated  in  this  place.    That  most 
df ionriieoQndaiy  valleys  have  been  formed  by  denudation,  and 
that  by  Che  action  of  water  many  portions  of  the  earth's  surface 
knre  Jumn  greatly  changed  in  form  since  the  soUd  strata  assumed 
ihdirfiieaent  elevation  is  universally  admitted;  the  only  quesr 
tittBia;  respecting  the  manner  in  which  such  changes  have  been 
kvonj^bt  aoout.    Now  we  may  venture  to  assert,  that  in  numbePr 
less  instances  the  present  drainage  of  the  earth's  surface  could 
never  have  been  efiected,  either  by  the  long  continued  (srosion 
of  the  elements,'  or  by  the  bursting  of  any  series  of  lakes  once 
pentnp'asiong  its  higher  regions ;  and  if. this  statement  be  true^ 
the  present  modifications  in  the  external  contour  of  the  earth 
must  have  been  effected  by  the  action  of  water  put  in  motion  by 
powers  which  differ  altogether  with  those  with  which  we  are 
ai)^(iiaipted.   It  is  impossible  in  this  place  to  enter  on  a  detailed 
prOQfof  the  preceding  assertion.     By  way  of  illustration,  I  shall 
fffAf  refer  to  two  examples  of  the  kind  alluded  to,  though  many 
i^heffiF  equally^decisive  of  the  question  at  issue,  might  be  derived 
frMi  Tftfious  parts  of  our  island.* 
."iV"*'.-  ■ .     ■■ 
.5^'j'    ?  Wealds  of  Kent. 

*):T^  first  example  to  which  I  shall  refer  is  supplied  by  the 

-•Jr'Tir'.''    .  • 

*'^'fkAk  iUcdlebt  o^Mervittions  connected  with  this  subject  may  be  found  in  the 
^OfldlgiQA  aotrey  of  the  Yol^kfhiie  Coast;'*  by  Young  and  Bird,  p.  «79,  98S. 
ViRf 'T*^^f  yP^^  .^  ^^^^  ^^  formed  by  an  actual  disruption  of  the  strata  produced 
at  the  time  of  t£&  iSrst  e&vatioh.  Vaneys  of  this  land  are  of  course  eiLceptt^  from  the 
UUM^Hi^'Uie  llek^  lAkikli  aMdy  ezdua 
lirilttiUilCgMMspifi  of  tM  tMMdiury  afe^ 

c3 


»  Prof.  Sedgmck^cf^  ^C»f  i 

Ufttural  dr^inag^  ofAp^Ktton  of  the  countietof^e^^tf^d^vilMffi 

A  number  of  small  rivers  take  their  rise  ui'  the.  c^nt^.i;^d||$f  ^ 

the  Hastings  saiufs  (seie  0reenougfa's  G«c3pgiesil  ]^J4p^;9^ 

land)|  and  descend  ffbm  thence  both  on  the  nocth.a^4'K?9i, 

into  the  longitudinal  valleys    occupied  by  die   ,wi||^ 

Instead  of  finding  their  way  to  the  sea  through  fhes^Ts^y^ifitJp^i 

rivers  propped  in  a  direction  nearly  transvevse  to  them,aii^:$fjf^lfi$ 

on  the  one  side  into  the  Thames^  and  on  the  other  ^i^fi  ^PfiiSeP 

Channel|  by  deep  gorges  cut  through  the  escaip)iie^tflk*9l^^ 

North  and  Soutn  Downs.*    In  this  way  the  whole  jfegM^^ 

intersected  by  a  double  system  of  valleys  commiinic^^gliy]^ 

the  sea,  and  crossing  eacK  other  nearly  at  right- an^s^  i^iMb 

I  think,  physically  impossible  that  this  singiHar  coDtoiV:SlM>v|4 

have  been  produced  by  the  long  continued  erosioB  pf'tibf  r.mtoflu 

For  allowing  that  the  rivers  have  scoured  out  the  longitudinal 

valleys  of  the  weald  day,  no  reason  can  be  given  why  they 

should  not  flow  down  tho^e  valleys  at  this  moment;. andon  this 

supposition  it  is  inconceivable  how  they  shooldrevBrhaarei forced 

their  way  (in  no  less  than  eight  places)  through  the  high i^ndgea 

of  the  North  and  South  Downs.    Again,  if  we«Buppe8e.thatthe 

North  and  South  Downs  were  once  prolonged  to  the  sonth-east 

80  as.  to  form  a  continuous  ridse,  we  majr  sbifb  the  difficulty,  but 

vfe  shall  not  explain  it.    On  this  supposition  a  large  inland  lake 

might  have  occupied  the  region  of  the  weald  clay,  and  such  a 

lake  might  have  burst  the  chalk  barrier,  and  formed  one  or  two 

valleys  of  denudation*    But  it  is  impossible  that  such  an  asent 

should  ever  have  formed  the  complex  system  of  valleys  by  wmch 

the  Downs  are  now  intersected.    That  ail  these,  valleys  haTO 

been  opened  out  by  the  same  disturbing  forces  which  have  pro* 

duced  the  accumulations,  of  superficial  gravel  ia  the  neif^bbouF- 

ing  parts  of  England  cannot  admit  of  doubt.    Yet  we  have  the 

clearest  physical  evidence  that  the  drainage  could  never  have 

been  efiected  by  the  ordinary  operations  of  any  of  those  distmrb- 

ing  forces  which  are  now  acting  on  the  surface  of  the  eiurth. 

Drainage  of  the  hie  of  Wight. 

The  next  example  is  supplied  by  the  drainage  of  the  Isle  of 
Wight. t  Two  small  rivers  which  rise  on  the  south  side  of  the 
central  Downs  might  have  escaped  into  the  sea  by  low  and  direct 
channels  cut  through  the  incoherent  ferruginous  sands.  Instead 
of  this,  they  flow  into  the  north  channel,  at  Cowes  and  Bradittjj, 
through  two  deep  valleys  which  have  beisn  scooped' oht  of  the 
central  chalk  ridge.  It  is  physically  impossible  tbat^.the  tiVers 
should  have  efiected  this  passage  fofth^selves.^  ^  And  if  we 
swrnose  these  v^^ys  to  b^  blds^d;  it'i^'ihc^iiMtibfSi^ 
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drtS^'*rfcliTiow  of  the  structure  of  the  couiltry  to  coiiceiTe  the 
Hiiferice  "of  any  lake  whatsoever,  much  less  of  any  body  of 
iftQiers'  capable  of  bursting  through  the  high  chalk  downs,  and 
wftririgiflg  ttie  ii^land  into  its  present  form.  We  are,  therefore, 
dtA^en^d  to  admit,  that  the  island  has  been  reduced  to  its  pre- 
IftibYeirtii  by  some  more  powerfid  cause  thaa  any  which  is  in 
Hdinary  action.  A  detailed  examination  of  the  surface  of  the 
tnu^fry  ftiUy  estabhshes  this  inference.  For  we  have  the  most 
i^dt  evidence  to  prove,  that  diliivian  torrents  have  $wept  over 
lj«(*y  part  of  the  Isle  of  Wight,  its  highest  as  well  as  its  lowest 
Bt<^Hons;  and  that  they  have  scooped  out  deep  valleys,  and 
"Iji*^  before  them  enormous  masses  of  gravel,  which  are  heaped 
:i^iii^  tipper  fjtshwater  6edsandall  the  other  lerd'ary  deposits 
—A  excead  to  the  north  channel.  -y 

liEji/iigfi  ^  ,  h. 

ndi  fd-n  .  Hesultirig  Caitclmiotis. 

---•^idiiijttcgnfflderation  of  such  facts  aa  these,  we  may,  I  thii 
sqitivtM^ly  establish  the  two  following  conclusions  :  \.  Thai 
aog  a  period  of  time  posterior  to  the  deposition  of  the  newest 
^laf  strata  which  are  known  to  geologists,  many  parts  of  our 
Ihave  been  ravaged  by  powerful  denuding  forces.  2.  That 
the  fbnn  and  direction  of  the  valleys  produced  by  these  denuding 
foTCea^  Cannot  be  accounted  for  by  any  known  action  of  the 
w(iter«  which  are  now  draining  off  the  surface  of  the  country. 
On  similar  grounds  the  preceding  conclusions  might  be  extended 
tDstiiay  other  parts  of  the  world;  and  they  are  obviously  inde- 
peodent  of  any  arguments  drawn  from  the  extent  and  the  posi- 
tkn  of  tfaa  dituvittl  detritus. 

^^(^  ■?.-  

-iDP'I'Cr  iPo«Vto«««(i  Extent  of'tke  Diluvial  Detritus. 
'"tfl'tne'teinaining  part  of  this  paper  I  shall  proceed  to  411 
ij'iStinliJatibnbfthe  materials  which  have  been  torn  up  hy  difuviqH 
cWi^lit^,'  and  scattered  over  different  parts  of  our  island  ;  and 
from  the  position  and  extent  of  these  materials,  I  sliall  endeavour 
to  prove  tiiat  they  cannot  be  accounted  for  by  the  ordinary 
op^nUioa  of  any  known  physical  agent.  It  is  not,  however,  my 
iDteptioa  to  enter  on  any  general  details  connected  with  the 
3bis.t4iy  of  this  detritus,  as  they  would  inevitably  lead  ine  into 
graiii^^  which  is  already  occupied  by  the  author  of  the  "  iieii- 
mofl^iluviainr."  1  shall,  therefore,  only  select  from  the  facta 
Micb  bave  come  under  my  own  observation,  two  or  three  which 
Aani)  to  bear  .iiore  immediately  on  my  present  object.  On  this 
'accuuBtt  forbear  to  notice  the  snccesslve  valleys  of  denudation, 
JLD^.,  the  .al.^st  continupuB  masses  of  diluxium  whiuh  present 
Wiemselves'oh  the  south  coast;  and  for  the  same  reason  I  pass 
over  all  thsi  p^jrr^^apoedin^  phenomena  in  the  ceatial  aod  tiout'i- 
wn  patdfref <our  island.  1  may,  howo'cr,  express  a  conviction, 
f»WM«ii1  m ft  v«y  extensive  ning«  of  QlweivftUoUB,  tlMt Uiet^  t* 


22  Trof.  Sedgioick  M  [' «t»i 

not  a  single  spot  in  the  abovementioned  parts  of  Engknd  ^hidh 
has  been  exempted  from  the  attacks  of  tnose  destructive  fdfxses 
which  have  produced  the  diluvial  gravel.  Whatever,  therefefe, 
may  have  been  th^  origin  of  the  phenomena  in  que8tion>  th^ 
are  due  to  the  operation  of  no  partial  or  local  agents. 

Diluvium  on  the  East  Coast,  ^c. 

I.  The  eastern  parts  of  England  from  the  chalk  dotrns  of  Lin- 
oolnshire  to  those  of  Cambridgeshire,  offer  a  series  of  striking 
&cts  connected  with  the  history  of  diluvial  phenomena.     In:tb^ 
neighbourhood  of  Cambridge  (and  I  believe  also  along  the  whole 
Escarpment  of  the  chalk  in  the  counties  of  Norfolk  and  Suffolk), 
the  diluvial  deposits  may  be  divided  into  two  distinct  claMes. 
The  first,  composed  of  coarse  materials,  often  lodged  at  obilieii<^ 
derable  elevations,  and  apparently  drifted  into  their  present  sit  na- 
tion by  the  first  rush  of  the  waters :  the  second,  generally  found 
in    lower   elevations,    and    apparently    comminoted    hf  •  the 
continued  attrition    of  the  retiring    waters.     The  extensive 
deposits  of  transported  materials  in  the  low  tegion   betweeti 
Cambridge  and  Lynn,  generally  belong  to  the  latter  clfessf  jaad 
the  immense  abundance  of  rolled  flints  contained  ill  thfeiti  seem 
to  prove  that  the  neighbouring  chalk  strata  must  ohce  hate 
extended  considerably  to  the  west  of  their  present  limits.     An 
examination  of  the  chalk  downs  themselves  completely  demcJn- 
strateis  that  the  denuding  currents  have  not  been  confined  to 
the  lower  part  of  the  escarpments ;  but  have  pushed  enormoud 
masses  of  gravel  over  the  very  top  of  the  downs^  and  have 
modified  the  whole  surface  of  the  district.     Lastly,  the  blufP 
escarpment  presented  by  the  chalk  on  the  coast  of  Norfolk,  and 
the  re-appearance  of  the  same  rock  in  the  wolds  of  Lincolnshire, 
almost  compel  us  to  admit  that  the  formation  was  once  continu- 
ous, and  that  the  whole  Wash  of  Lincolnshire  has  been  caused 
by  denudation.     Be  this  as  it  may,  we  may  conclude  with  cer« 
tainty  that  the  present  form  of  the  chalk  downs  of  Suffolk)  Nor- 
folk, and  Cambridgeshire,  could  never  have  been  produced  by 
any  known  action  of  the  waters  which  now  drain  oflt"  that  part  of 
England ;  and  the  nature  and  position  of  transported  materials^ 
which  the  denuding  currents  have  drifted  over  many  parts  of 
the  neighbouring  region,  lead  us  to  exactly  the  same  conclusion. 

Diluvium  of  Huntingdonshire  and  Cambridgeshire. 

The  elevated  plains,  which  extend  on  the  confines  of  Bedford- 
shire, Cambridgeshire,  and  Huntingdonshire,  exhibit  severalpar^ 
tial  deposits  of  such  transported  materials,  from  which  the  Rev. 
J.  P}umpti*e,  of  Great  Gransden,  has  selected  a  vast  viriety  of 
rolled  masses  derived'  from  almost  every  known  fbi^isiiibn  in 
'SfiiignA^L^'^^^i^^  £rMt  Ihe' 

di/tfuucmin  the  neighbouring  district,  ttflt^  i^e^ififtdeil^tMMtM 
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WlowmgclasBes:— 1.  Containing  many  ancient  locka  derived 
from  doubtful  or  unknown  localities.  2,  Many  primitive  and 
tratisition  rocka  resembling  tho^e  existing  in  situ  on  the  western 
side  of  o«r  island.  Some  of  these  which  are  mucli  rounded 
have  probably,  by  an  ancient  catastrophe,  been  buried  in  the 
conglomerates  of  the  new  red  sandstone  ;  and  afterwards,  by 
the  last  catastroplie  which  has  desolated  the  earth's  surface, 
been  transported  into  their  present  situation,  3.  A  6ne  series  of 
speciineuG  of  mountaia  limestone  and  trap  resembling  the  cor- 
responding rocks  of  Derbyshire  and  Staffordshire.  4.  An 
immense  number  of  blocks  drifted  from  the  more  recent  strata. 
Out  of  this  class  one  might  select  a  good  series  of  specimens 
characteristic  of  all  the  strata  of  England  from  the  lias  to  the 
chalk. 

Extensive  deposits  of  diluvial  rubbish  similar  to  those  last 
described  occur  iu  two  or  three  places  to  the  east  and  south-east 
of  Cambridge,  From  the  gravel  on  the  top  of  the  Gogmagog 
hills,  I  have  found  rolled  masses  of  granite  and  purphyry ; 
pebbles  resembling  those  imbedded  in  the  new  red  sandstone  ; 
masses  of  trap  and  momitain  limestone;  and  a  fine  series  of 
specimens  derived  from  the  oolitic  formations.  Masses  of  gravel 
of  a  nearly  identical  character  lie  scattered  over  several  parts  of 
the  downs  of  Suffolk  and  Norfolk.*  We  must  not  imagine  that 
the  instances  here  given  are  indications  of  mere  local  operations. 
The  gravel  about  Cambridge  not  only  agrees  in  general  charac- 
ter, but  almost  forms  a  continuous  mass  with  the  beds  of  gravel 
which  are  spread  over  many  parts  of  the  counties  of  Bedford- 
shtre,  Huntingdonshire,  and  Northamptonshire.  And  the 
patches  of  coarse  diluvium  which  are  scattered  over  the  downs, 
are  connected  with  a  series  of  operations  which  have  buried 
neariy  the  whole  county  of  Norfolk  and  the  greater  part  of  the 
county  of  Suffolk  under  enormous  masses  of  diluvial  debris. 
Effects  such  as  these  are  utterly  beyond  the  reach  of  any  known 
uatnral  agent. 

Plains  of  Cheshire  and  Derbyshire  Hills,  Ifc. 

J II.  I  intentionally  pass  over  all  details  connected  witH  the 
itory  of  the  transported  materials  in  the  great  plain  of  the  new 
ted  sandstone,  and  shall  content  myself  with  stating,  that  enor- 
mous masses  of  diluvium  eiftend  from  the  base  of  the  great 
oolitic  terrace  through  many  parts  of  Leicestershire  and  Staf- 
fordshire, and  through  almost  every  part  of  the  plains  of 
Cheshire.  The  diluvial  wreck  of  this  region  is  found  at  all  levels, 
for.it  is  seen  on  the  upper  part  of  Charuwood  forest  as  wi'U  as  in 
tUe.neighbouring  vallies;  and  transported  bowlders  of  ccmsider- 
nblfi  magoitude  occur  at  the  very  top  of  several  parts  of  the 


Dierb^^lute  chidn.v^j|l|^70^  the.gre»t  \ibin^^£kK9^fktr. 

For  ex^fuidiiir  B^ajfij^lfiirge^iftmoOth  Mwlden  of  pimitwei  or jiiiio- 
sitioa.|;f)i£^jyiy^:«i^tf^  tM  surface  cf  the  gix>Midb«^lpi^ 

sides  of  the  .^^  ||^s. leading  from  Buxton  toMmodkmsj^. 
Thq^e  iOayCj^  sp^aji^  4^9  same  language  widi  thos^  VfWchJj'fiave 
already  quoted.  .  Th^y  ahow  the  ^eneraUW  of  the  cmibi^  yihidh 
.hayeprod^edti^eiSppecfi^  d^rttus;.  ana  they  ftOTe.l|fuii'ikc»r 
ODen||;ipps  IvavQ,  s^pt .  been  confined  to  the  lower  parts  i^firiMir 
isljand''.  ■    ./:;.;■.]  bii a ux. 

r^t^t&:^k  Moors,  Central  Tlaim^  and  East  Coast  .f^Y^bk^ii^fy, 

III.  In  my  former  paper  I  briefly  noticed  the  gtesib  kcdaUMlla- 
tiom  of  ooBxie  gravel  on  the  plains  which  skirt  the  wesfaa^l^  aeRNits 
of  Yorkshire.  Had  this  gravel  been  formed  by  anHlnbiir-^^ 
lakes  which:  were  once  pent  up  among  thethonntattlls^^flllidtffteN 
wards  burst  their  way  into  the  lower  regions  of  the  dtetHii^^¥ie 
might  expect  to  find  draces  of  such  li^es  in  the.ifitert^^of^tife 
mo<»rland8|  and  distinct  heaps  of  gravel  marking^ the^d^vditatk^ 
produced  by  the  discharge  of  die  successive  lake&  ifeito^lii^fllahi 
ofthcaew  red  sandstone.  We,  however,  find  tio  ind^atttMs^of 
such :  iakes:;  and.  the  diluvial  rubbish  is  spread  ^^Mt'''|l|Mld^t 
uniformly.OKer  the  central  plain  by  some  cause  wfaidiaipi|iikrd4b 
have  acted  eimultaneously,  and  which  has  left  trae.eii  ^-'^i^ 
oneration  from  the  southern  extremity  of  Yorkshire  to  th^ttioilCli 
otihe.Tees.-  ^  ■  .    ■  ■■  ■  ^'^'-  -"'i-J" 

Every  pwrt  of  the  Yorkshire  coast  and  whole  neighbouritig 
region,  bears  witness  to  the  operation  of  similar  causes*-  Tti0 
numberless  valleys  of  denudation  in  the  eastern  moorlaiids^-*the 
immense  accumulation  of  transported  materials  on  the  hills  «s 
well  as  in  the  ralleys-^he  whole  contour  of  the  vale  of  Picker- 
ing—the  enormous  cap  of  diluvium  containing  rounded  maases 
of  primitive  rocks  many  tons  weight,  and  resting  on  the  chalk 
hills  near  Flamborough  Head — the  external  form  of  the  W<ddS 
— and  the  continuous  mass  of  di/iiviiim  extending  from  Bridling- 
ton to  Spurn  Head,  and  from  the  chalk  downs  to  the  sea,  are 
so  many  monuments  of  the  gigantic  powers  which  were  let  loose 
upon  the  world  during  the  epoch  of  the  diluvial  gravel.  In  the 
summer  of  1821,  I  had  an  opportunity  of  examining  aU  tliese 
phenomena  in  detail;  and  I  can  bear  unqualified  testimony  to  the 
faithfulness  of  the  descriptions  given  of  them  by  the  author  of 
the  ^^  Reliqui^  pUaviana,''*  »".-> 

The  diluvium  ^f  Holdemess  is  of  great  intetest,  ptfrthr^)tyi& 
immediate  connexion  wUfr;.4|  series  or9if^r^tibi3ij\W^ 
affected  all  tbJ^.^^%Hi>oni^gi£  ii%i»fmr. 


M|:«»T|i! 


greiwo, 


•  Set  £e  <•  B*Uffilm  DOuvimutf**  p.  191, 194.     Mnoha9m9io4^ 


Diluvial  t'ormations. 
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^^'^O'^htow   light  upon   its  history,     [ii  maay  places 
",t  occupies  a  Buccession  of  lofty  cliffs,  it  puts  on  a  rude 
i  of  stratification,  or  at  least  may  be  subdivided  into 
ue  masses  which  possess  distinct  cliaracters. 
..  -^  lower  part  of  the  cHffs,  to  the  height  of  about  twenty 
it)  generally  consists  of  a  stiff  bluish  clay,  which  in  many 
itespasseB  into  a  dark  brown  coloured  loam.*    Through  the 
i^le  af  ithis  ma&B  are  imbedded  an  incredible  number  ofsmooth 
ind  blocks  of  granite,  gneiss,  greenstone,  mica  slate,  fee.  &c. 
nbling  none  of  the  rocks  of  England,  but  Tesemblin|  speci- 
I'denved  from   various   parts  of  the  great  Scandinavian 
k_   irregularly  mixed  with  the  preceding  are  found,  in  per- 
il still  greater  abundance,  fragments  of  carboniferous  lime- 
i,,of  millstone  grit,  of  lias,  of  oolite,  and  of  chalk,  torn  up 
itfae  regular  strata  of  the  country,  and  driven  into  their 
lOt.Altuation  by  a  great  eastern  current  which  has  left  its 
s  iOB  every  part  of  the  neighbouring  district.     In  regard  to 
B.'iuibedded  fragments  above-mentioned,  two  things  appear  to 
Kve  notice.     1.  They  exist  ia  equal  abundance  in  tne  upper 
liaajn  the  lower  portions  of  the  diluvial  loam.    This  fact, 
gh  difficult  of  explanation,  has  been  remarked  in  other  simi- 
'^>08its,  and  seems  to  prove  the  gicrautic  nature  of  the 
i  by  which   the   materials   have   been  drifted  into  their 
leut  position.    '2.  The  bowlders  derived  ieota  distant  coun- 
I  are  rounded  by  attrition;  but  those  which  are  derived  from 
[hbouringrocks  are  little  altered  in  form.     The  hard  Norwe- 
I  rocks  are  smooth  and  spheroidal,  but  the  fragments  of 
e  and  lias,  and  still  more  the  fragments  of  chalk,  are  often 
}  and  angular. 
r  the  preceding  deposit  come  a  set  of  beds  of  sand  and 
mminuted  gravel,  very  variable  both  in  their  structure  and  in 
teir  thickness.     They  seem  to  have  been  formed  by  a  longer 
Sttinued  and  a  less  violent  action  than  that  which  produced 
B  diluvial  loam  on  which  they  rest.f 

■  the  sand  and  gravel  we  may  sometimes  find  traces  of 
icient  turf-bogs  and  of  other  alluvial  deposits,  formed  in  situa- 
ms  which  were  once  in  the  interior  of^  the  country ;  but  are 
GDUght  into  their  present  position  by  the  encroachments  of  the 


1  aereral  parts  of  ihii  depodb 

sixtf  feet  thick  wbtrt  we 
jmenu ;  ^.  The  und  and 
;  %.  Over  ilie  tno  preceding,  and  imuiediately  unilcr  tlie  vegetable  soi],  ■  bed 
^a  cif  naitd  fV^ncnU  (ifchaUi  and  of  clwlk  flints  ;  in  ximepUcei  cemented  togc- 
JCJKJ^iWf'P"  Blixrd  conifloniciBta.  Thi»  bed  is  dQuviali  and  must  be  ascribed  to 
mImI  ACUon  <>ith^  retiring  wuteiH.  It  niaf  be  tiBced  to  a  coiisidetable  height  on  some 
Aiitlh^iaivai  vhen  it  restn  immEdiately  on  the  chalk  ;  and  fallowing  the  mclination 
nf  Ihe  ground,  it  diAcenda  luimcds,  and  at  length  coven,  Uie  ordinary  diluvial  depoiiu 


N 
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Laitiy;  orer  all  the  preceding  we  find  in  many  plaees  n  coiun* 
denLble  thickness  of  blown  sand.  • 

Such  atie  the  phenomena  exhibited  in  the  clifRi  of  HoIdernoM. 

The  masses  of  transported  materials  on  the  top  of  the  Wolds, 
and  still  more  the  enormous  masses  which^  on  many  parts  of  the 
oba^t  between  Filey  Bridge  and  Redcar,  are  pilea  upoa  tibbe 
reguMr  strata  to  the  thickness  of  J50  feet,  admit  of  the  satti^ 
general  subdivisions  as  the  diluvium  of  Holdemess;  and 
undoubtedly  belong  to  the  same  epoch.  As  we  advance  towards 
this  north,  the  fragments  of  chalk  bes^in  to  disappear ;  and  frag^ 
ments  of  magnesian  limestone  and  of  other  rocks  derived  froai 
the  county  of  Durham  begin  to  be  more  abundant. 

Conclusions. 

Ifie  following  conclusions  may,  I  think,  be  fairly  dedaced 
from  the  facts  above  stated.  1.  The  diluvium  of  Holdernesfrand 
of  the  whole  east  coast  of  Yorkshire,  is  due  to  a  set  of  causes 
which  have  acted  over  the  western  moors,  and  over  all  the  preat 
central .  plain  of  the  county.  2.  The  diluvial  curteiits  which 
jirbduced  the  gravel  of  Holderness  were  probably  contempora- 
neous with  btner  more  powerful  currents  which  drdve  large 
masses  of  primitive  rocks  from  Scandinavia  to  the  plains  of 
Yorkshire.  And  it  seems  probable  that  the  same  currients  were 
cbntemporaneouis  wiih  those  mighty  propelling  forces  which 
have  driven  innumerable  fragments  or  the  Scandinavian  rbcks 
over  the  great  plains  of  Russia,  Poland,  and  Germany. 

Diluvium  at  the  Base  of  the  Cumberland  Mountains,  S^c.  S^c^ 

IV.  During  the  three  last  years,  I  have  examined  eveiy  part 
of  the  great  cluster  of  mountains  which  is  bounded  by  the 
valleys  of  the  Lune  and  the  Eden,  and  by  the  western  coast 
from  Moricambe  Bay  to  Solway  Firth.  On  its  eastern  side,  this 
region  is  united  with  the  great  central  chain  of  England ;  but  on 
all  other  sides  through  three-fourths  of  its  circumference,  it  is 
skirted  by  a  succession  of  plains,  or  lands  of  low  elevation;  which 
are  almost  entirely  buried  under  accumulations  of  diluvial 
matter.  From  the  foot  of  Stainmoor  to  Solway  Firth,  through 
the  whole  plain  of  the  new  red  sandstone,  the  mcoherent  mate- 
rials under  the  vegetable  soil  are  spread  over  the  greater  part  of 
the  surface,  and  are  often  of  such  an  enormous  thickness  as 
ehtirely  to  conceal  all  the  subjacent  strata.  These  accumula« 
tions  are  not  partial  or  irregular ;  but  seem  to  have  been  tqIIi^ 
out  over  the  surface  of  the  country  by  an  inundation  which 
aet^  at  one  moment  over  the  whole  district ;  and  like  ^\l  «imi- 
lar '.deposits,  they  contain  an  incredible  number  of. laxgie  labwlr, 
djS^yi.pititfjCJpdly  derived  frotn  the  neighbouring  nH>u&ftaihiB»^  ""^  ^^ 
"^  dii  apprQa<5Kmg  that  part  of  the  plaiq  ^W«^  ;b<*d|j!^'{)ti;iffi^^ 
northern  extremity  of  the  hilly  region,  we  meet  with  peohleftm^ 


183S.]  DikmnI  iHmuUidns.  ^ 

bowlders  -i^liteh  h«iTe  been  dnfted  across  the  Firfh  from  tb*  voAk 
of  Dumfriesshire ;  and  in  the  diluvium  stilb  further  to  the  soirth-^ 
wefStf  ti^Bt  the  tetthination  of  the  new  red  sandstone  at  MarypoyL 
the  imbedded  fragments  of  the  transition  rocks  of  Cumbenatad 
becofne  ¥are  in  comparison  -with  the  bowlders  derived  from  the 
<mlofiit^  coast  of  Scotland.  In  the  diluvial  rubbish  capping  let 
hfH  neaif  Hayton  Castle^  about  four  miles  north-east  oiMary- 
pQitt,  I  found  some  large  granitic  bowlders  resembling  the  rocki 
of'  rtlfe  OrifFel.  Among  them  was  one  spheroidal  mass^  th^ 
gfeiEife^t  diameter  of  which  was  ten  feet  and  a  half  long,  and 
tm^jiart  which  appeared  above  the  ground  wfts  more  than  four 
feet  high. 

From  Maryport  to  St.  Bees  Head,  the  cliffs  ate  occupied  by  a 
succession  of  coal  strata ;  and  the  diluvial  phenomena,  though 
of  eonstant  bccurrence,  present  nothing  worth  remarking  in  this 

'^     '  West  Coast  of  Cufnberland. 

.  JvrQpri  St.  Bees  Head  to  the  southern  extremity  of  Cumberland^ 
th'^.  region  bordering  on  the  coast  is  formed  of  one  almost  conti^ 
nuLOUfft  mai^s  of  diluvium,  interrupted  here  and  there  by  low  hills 
of  blQwn, sandy  and  by  other  recent  formations.  In  this  part  of 
the  coynty^  the  cliffs  are  of  a  deep  red  colour,  caused  by  the  pre^ 
sence  of  innumerable  imbedded  fragments  of  the  subjacent  nevf 
red.sandstone.  With  these  fragments,  bowlders  of  granite,  por^ 
phyry,  and  greenstone,  are  scattered  through  the  whole  diluvial 
covering;  sometimes  in  such  abundance  as  to  give  it  the  appear- 
ance of  a  true  conglomerate  ;  especially  in  places  where,  by  the 
iafiltration  of  a  new  cementing  principle,  the  whole  mass  has 
began  to  assume  a  coherent  form."^ 

Some  of  the  granite  blocks  imbedded  in  the  cliffs  are  of  great 
magnitude.  In  the  diluvial  cliffs  near  Bootle,  I  found  one  of  a 
rude,  prismatic  form  which  was  twelve  feet  long,  six  feet  widei 
and  five  feet  and  a  half  high.  All  specimens  of  this  kind  of  rock 
havq  been  drifted  to  the  coast  from  the  granitic  region  which 
extends  from  Wastdale  foot,  through  Muncaster  fen  to  the 
neighbourhood  of  Bootle;  and  occupies  a  part  of  WastdaU 
Head,  and  all  the  lower  parts  of  the  valleys  of  the  Mite  and  the 
Est; 

Diluvium  of  Low  Furness. 

'  tf'We  crosis  the  estuary  of  the  Duddon  to  the  shores  of  Low; 
l^inji(efssi^'  We  find  an  exact  repetition  of  the  phenomena  we  have 

J^^'l^eii  i^iHi  dilavial  conglomerates  are  not  seen  M  situ^  iheylnajr  be  t^pezated 
i[iH<llib  O^^tohgldmciratet  by  the  freshness  of  tliedr  imbedded  p^bbles^    Frjif^ent» 


I^K¥« 


rinffSim^. 


^^if  ^^S^i9PV^  Af  thtdi  l^dL^mottntauHi ;  and  all  thc'aeiigbbodtidf 

li^W#^^flyikj(lff  E^M  |9raai(e^  which  iiad.  beenisfabeddUlsb 
the  highest  portion  of  uie  diluvial  cliff'  near  iBmifAdigu4tKk 
4fy)M(aBP9il<A0  <^9^^^^  the  year  1822.  ■  Iliosq^  maeC^r.ien 
i^f''iWR^4^:^'^h  in  which  it  niraa  at  ibdt:'t9niii'(psitidte 
'luj^^^^r^ii:^  eaae  of  the  diffib  of  die- ikies  of^BamftvaAas 
'eyfefMQRpI^  iittiMilBerable  bowkLers  of  granite^  ^madrobwl^ 
j§l^yp4>rQ0ks>  were  some  specimens  of  a  beiatifukTanedb^ 
[q^^a^ff^M^  which  I  afterwards  foand  inuiuiaftkithe^m 
^a^fell  and  xiow*fell.*  .1 ':f;7qs3b  am 

In  places  where  the  inferior  strata  are  so  completely  concealed 
it  is  impossible  to  ascertain  the  whole  thickness  of  the  diluyial 
Wlt^^¥MI^  zlnrjoahnjpwctB  (rf'JLow  Fnniess,  H  iiiuaft;-4liiil£k;^e 
f^^i^iHjrjmore  than  100  feet^  Near  Nevirbiggi^  iWfedr^t  ' 
miit'SdMicAing; for  coal  in  the  year  1822^  they^j;M^djl^  H^i 
|Q^ee|>^4ihivtaV  loam  before  they  reached  ^i^f^foi^HWMti&P 
-?^|hf(  {ib^kKHnena  abov«  described  have  obvidtii%  lli^n^fttMfMii 
l^Kt^^^^^ht  wm  of  descending  waters.  WhiOe^erf AMs^A^ 
tellge^f^tUbe^cf  waters  m  motion,  it  is,  I  think,  dbtiotts^^jfi^^e 
ili^(|39«ftdf  9tated>  that  they  have  not  act^d  i^i(d^^3W 
1^  ^i^iOver  the  whole  duster  of  the  neighb<^r{i(^  m^3 

yiipWi^^X  DqK)fiits  in  the  Mid  Regien  of  the  M9unf^l^,^.yfi 

^7^;4f.4lb^,fMSCimulatiQn^  of  diluvial  gravd,  suoli  as  Knve  Wp» 
£^^^^^d>  were  produced  by  descending  xtnreblHniiiiiob 
WffW^lniglB3MPtS:;0f  jTock  (^own  from  the  very  liDtt^ntlfntM 
nefghoouring  mountains ;  we  may  expect  to  find  som^iitocepoS 
99^LPl!ffi^t8  lin  the  iludvveglionft^  or  the  disttiet^  bi^ii^Si.Che 
|^lVP«^t[(flei^ations  and  the  sutroundii^  plmns.:  in  .siieiii  siltta9 
tjfiS^^tjm  ^ll^^HHis  reasons,  we  must  not  look  for  those  aibctondad 
^i^j^uvhil  loam  which  are  expended  over  the  lower  dmmM^ 
^^{§l^)>rted  materials  will  only  find  a  partial  lodssa^ii^iw 
[^{ifj!i;arf  ;ia;  the  form  of  scattered  bowlders  whioh'^uir>p]faqp(til 

*  The  directum  in  which  the  dilttvlaa  curretttt  hftre  swept  over  the  western  coast  of 

Cumberland,  is  pLunly  indicated  by  the  immense  accumuUiiops  of  boi^eniitfiskdale 

wfim^^^iBmAi,taUk  vitMifMt  dtaaHer  of  theneigh^miiHng'ispd^lgg^^uld 

^  expert  >b^  wj^mce  «r  jroUed  ttaMes  of  idle  Am  Vai&lf >of«kebk^ttrW 


itiftea  in  great  numbers  ov^r  ^e  plains  of  JUKicashi      "^^    "' 

teriiiidbr^  ♦•^sl  n^  .2«o1  J=*r^t  rt9>t??1  r<>7asTs; Treoooi  uSuot  b  s 

d]pfn  *a«»l  tn:^!? 


Diiuvial  Formations. 

imv.vtBTBBts  have  left  behind.  Such  is  the  case  in  the  mid 
regionoF  the  lake  mountains,  where  innumerable  scattered  bowl- 
dfltsigiva  the  clearest  indications  of  the  force  and  of  the  direction 
of  the  tbirenta  which  have  swept  over  it.  Any  thing  like  a 
regular  history  of  such  phenomena  would  lead  me  into  endless 
details.  One  or  two  facts  bearing  upon  the  subject  will  be 
enftugb  for  my  present  purpose. 

1.- Ob  the  granitic  hills  wnich  e^ctendfrom  Bootle  iiitoEskdale 
■re  mBDylar^e  bowlders  derived  from  various  parts  of  the  greea 
^te  formatiOD.  Among  the  rest  are  some  specimens  of  a 
striped  homstone,  identical  with  the  rocks  immediately  under 
thei  crest  of  Sea-fell,  the  highest  mountain  in  Cumberland. 
These  blocks  are  at  present  separated  from  the  parent  rock  by 
^.Jhe  deep  valley  of  the  Esk. 

BK  Carrock  Bowlders, 


_.  MiUtons  of  large  bowlders  lie  scattered  over  the  hL. 
il«h,form  the  north-west  boundary  of  the  mountainous  region, 
btit  they  are  seldom  suFBciently  characteristic  to  enable  us  to 
determine  the  exact  spot  from  which  they  have  descended.  The 
•yeaitic  blocks  of  Carrock-fell,  principally  composed  of  hyper- 
stene  and  compact  felspar,  may,  however,  be  traced  from  the 
diluvial  loam  and  gravel  of  the  plains,  through  the  valleys  and 
over  the  hills  of  the  mid  region,  to  the  very  Toot  of  the  parent 
rock.  On  the  side  of  High  Pike  {near  the  path  leading  from 
Nether-row  to  the  lead  mmes)  are  innumerable  bowlders  of  the 
Carrock  syenite.  The  largest  (vehich  is  known  in  the  country 
by  the  name  of  golden  rock)  is  21  feet  long,  more  than  ten  feet 
high,  and  about  nine  feet  wide.  The  hack  of  Carrock,  where 
the  same  kind  of  rock  exists  in  situ,  is  about  two  miles  distant 
Irom  the  great  bowlder,  and  is  at  present  separated  from  it  by  a 
""  lep  valley. 

3.  KoUed  masses  of  the  porphyry  of  St.  John's  vale  almost 
er  the  ground  near  Penruddock,  and  from  thence  follow  the 
irse  of  the  valleys  of  denudation  which  descend  into  the 
nont.  Blocks  derived  from  a.  dyke  of  beautiful  red  porphyry 
ich  traverses  a  part  of  the  ridge  to  the  west  of  Thirlmere,  are 
odscattered  about  on  the  lower  part  of  thehilla  near  Keswick. 

Skap  Granite. 

^<f.  iSpherical  bowlders  of  shap  granite  occur  in  great  abun- 
ifi  on  the  calcareous  hills  south  of  Appleby.  Among 
a  I  found  one  or  two  which  were  abouttwelvefeet  indianje- 
On  the  south  side  of  the  calcareous  zone,  the  granite 
Htck^iU'^.  incomparably  more  abundant;  and  on  approaching 
■  aatdale  Head  (a  few  miles  soutb  of  Shap),  where  the  granrte  is 
rib'fth  llifey  fiteraHy  cover  the  ground,  near  Shap  Wells  there 
Ta  folted  mass  of  granite  fifteen  feet  I'ng,  ten  feel  wide,  and 
ight  feet  high.         .  ,^rv-^w-i   i 


lilW^l 


Sowlders  on  Kendal  Fells,  l^c. 

'         •  ■•    ■  --  , 

.  5.  Equally  striking  examples  may  be  found  on  the  aouil^  3i^Q 
pf  the  mountainous  region.  On  the  flat  tops. of  the  c^tc^^epuii 
|i.ill&  pn  the  west  side  of  Kendal  are  man^  rounded  blockst  apj^^ 
rently  drifted  from  the  green  slate  formation  at  the  bead  o£!^^ 
meer  and  Long  Sleddale.  These  calcareous  hills  are  now 
separated  by  deeg  yalleys  from  every  part  of  the  slate  formation. 
Similar  phenomena  appear  on  several  parts  of  the  mounta\Q§ 
petweeu  Kendal  and  Sedbergh^  and  among  the  rolled  ma^seoi 
fire  a  few  bowlders  of  shap  granite.  The  instances  now  gi^^U 
are  sufficient  for  my  present  purpose ;  for  they  completely  bear 
9iit  the  observations  uy  which  they  were  preceded. 

Proofs  of  Diluvian  Action  at  the  Tops  of  the  Mountains. 

VI.  It  is  stated  by  Buckland  (Reliquia  Diluviana,  p.  221), 
'*  that  all  mountain  regions  he  has  ever  visited  bear,  in  tne  form 
cf  their  component  hills,  the  same  evidence  of  being  moSdifi^cl 
by  the  force  of  water,  as  do  the  hills  of  the  lower  regi6ns  of  the 
earth/*  My  own  observations,  as  far  as  they  go,  conflim  the 
truth  of  this  remark.  Some  of  the  highest  mountains  of  Ottoi^ 
berland  and  Westmorland,  which  consist  of  a  soft  decompo^hfg 
diate,  are  as  plainly  modified  by  the  action  of  denuding  currents 
tks  any  of  tjie  secondary  ridges  of  our  island.  We  must,  however^, 
^rn^mber  that  the  earth's  surface  has  been  ravaged  by  the  a(stt<Ml 
of  water  during  several  distinct  catastrophes,  and  that  the  pm» 
^at  modifications  in  the  form  of  some  of  our  mountain  cbaina 
nui^f  therefore,  have  been  eflfected4ufing^some  epoch  lon^eUite^ 
<(ed<^nt  to  that  of  the  diluvial  gravel.  To  prove  that  the  f)(>M6[ 
"^hich  produced  the  superficial  gravel  have  swept  over  tbd  topi 
tif^'thei  highest  mountains,  requires,  therefore,  more  direel 
^vidQnca];han  that  which  is  afforded  by  the  external  fornoui  of 
th^  mouatains  themselves.*  I  think  it  has  already  beenprdi^ed 
that  diluvian  torrents  have  swept  over  every  part  of  the  Cmtt^ 
Ijerland  chain ;  because  we  find  water- worn  masses,  derived  fVoni 
the  highest  elevations  of  the  country,  imbedded  in  the  diltitlal 
loam  which  covers  almost  all  the  neighbouring  plains;  and^ 
because  we  find  large  bowlders  of  the  same  rocks  scattered  over 
many  parts  of  the  mid  region  of  the  mountains,  in  situations  to 
which  they  could  never  have  been  drifted  by  any  less  powerful 
akent  than  that  to  which  they  have  been  ascribed.  I  liiar  also' 
oibserve  that  the  bowlders  in  question,  at  whatever  eleVatioti,  atji 
all  in  the  same  state  of  preservation,  and  all  appear,  as  far'dS  Wei 
can  judge  from  their  external  characters',  to  have  been ^rbdobkilr 
at  the  Kime  epoch.  ^'tv  .•  "»• 

vAdmitting  the  fact  that  the  waters  of  a  gr&at  ihutidUtidfl''M^^ 

'   •  Bor  die  direct  evidenosollSned  mi  tiih8at)(|eetliyl^ 


«wept  over  Bome  of  the  highest  elevations  of  the  efetrth,  it  is  fiiill 
obvioiiB  that  true  diluvial  deposits  must  necessarily  be  of  rare 
occuiTe](i6e  Hear  the  crests  of  mountain  chains.  On  this  a:ccotiQj; 
I'tfaldnght  myself  fortunate  in  being  able  to  discover  Wp  .or 
thiMeanimples  of  such  deposits  among  the  mountains  of  CUDii^ 
b^buid. 
"  '     -  Sca-felL 

i.,Jn  the  deep  water- worn  channels  which  descend  from  8q^ 
iqwa^dB  BurnmoorTarn,  are  great  accumulations  otd^tritus^ 
i^uJ^f  when  I  visited  the  spot  in  1822,  I  considered  to  fc^e 
tingpiiDt^^ly  diluvial.  These  accumulations  are  apparency 
connected  with  the  transported  blocks  which  are  scattered. oy^ 
the  ground  between  Barnmoor  Tarn  and  Wastdale  Head,  and 
exactly  resemble  the  detrihis  which  still  further  down  is  accumu- 
lated m  the  valley  of  the  Mite . 

Ridge,  near  Red  Pike. 


V.:f.>    -A' 


h^.  Oo  the  very  top  of  the  lofty  ridge  which  separate'  thi 
vilHeys  oiT  Ennerdale  and  Buttermere,  are  most  striking' 'afi4 
witqiiivooal  proofs  of  the  action  of  diluvian  torrents.  Between 
Bod  f^e  and  Ennerdale  Scaw,  the  top  of  the  rid^e  id  pilfti^ 
fpiiiposed  of  syenite,  and  partly  of  a  soft  variety  or  clay  slatlft^ 
A'BBi^oth  round- topped  hill  (called  Starling  Dod),  corhposedoF 
tbBMftBlate,  forms  the  highest  part  of  the  crest  between  the  tw^ 
VMttftitB  before-mentioned.  I  was  persuaded,  before  I  a^eended 
ttftihhifii  that  its  singular  form  must  have  been  produced  by  th^e 
aicfioti  of  water;  and  on  reaching  its  summit,  which  is  aboili 
fitOO  feet  above  the  level  of  the  sea,  I  found  it  covered^  witli 
uMiCi^'W'Om  bowlders  of  red  syenite  and  other  rocks  drifted 
Ifl^m  fto  more  lofty  eminences  of  the  same  ridge  near  Red  Pik^^ 
'Ikt'tem^  kind  of  bowlders  are  found  near  the  top  of  Mellbre^k^ 
amoantain  which  overhangs  the  west  side  of  Crummock  lake^' 
tt4  tlMiy  may  be  traced  on  the  sides  of  the  water-wont  hills,  and 
A^mA^  the  talleys  which  communicate  with  Loweswatei*  and 
QpBB^mock  foot ;  and  from  thence  the  descending  currents  baV4!f 
Mfted  them  into  the  lower  regions  of  the  district  where  they  afi 
silted- with  the  diluvium  of  the  plains. 


I!|-,'i 
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1,3^  Near  the  top  of  Glaramara,  one  of  the  mountain  cre&ts  ot 
B^ri^daU,  and  at  the  back  of  the  Hay  Stacks,  near  the  t6f^df 
tbfi  ri^ge  between  Ennerdale  Head  and  Buttermere,  (  saweeveM 
r^.ix^wJiiiecs  which  had  been  caught  among  the  serrated  edge* 
a^JlJ^B'^rngg^A  elevations.  The  transported  blocks' wete  nol 
of  a  kind  to  enable  one  to  point  out  the  spot  from  which  thef 
^4l|C(l9i4<P^ed  ;  but  their  presence  was  enough  to  deniMatr&te 
the  former  actioti  of  violent  disturbing-  forces  which  had  aifecte^ 
thfikibtghiefit'pokitBof  U)0aiountaia  region^  ^     ^       •  '  '    '  '  ^  * 
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To  account  for  such  phenomeila  as  those  abore  deserib^d,  bjr 
the.  barsting  of  lakes,  of  the  existence  of  which  we  have  no 
proof;  and  which,  had  they  ever  existed,  could  only  have 
existed  at  much  lower  levels,  would  be  to  adopt  an  hypotlMMis 
4X>ntradicted  by  the  very  foots  which  it  is  intended  to  explaitt. 
The  condition  of  the  transported  blocks,  their  association  with 
others  which  have  descended  into  the  mid  region,  and  their 
identity  with  many  other  masses  which  are  imbedded  in  the 
diluvium  of  the  plains,  forbid  us  to  ascribe  their  appearance  to 
any  of  the  more  ancient  catastrophes  in  the  physical  history  of 
ihe  earth.  The  conclusion  then  to  be  drawn  from  them  is 
obvious,  and  is  in  accordance  with  the  other  facts  which  have 
been  stated  in  this  paper. 

Directitms  in  which  the  Shap  Granite  has  been  drifted. 

VIL  The  great  uniformity  in  the  mineralogical  character  of 
the  rocks  in  many  parts  of  Cumberland^  often  prevents  us  firotti 
ascertaining  the  direction  in  which  the  diluvial  bowlders  Imve 
been  driftea  from  their  native  beds.  This  diBBculty  we  do  not 
meet  with  in  following  the  blocks  of  Shap  granite,  as  they  can- 
not be  confounded  with  any  other  rocks  in  .the  north  of  Eo^fau^ 
It  has  already  been  stated  that  they  almost  cover  the  ^ound  jn 
many  places  near  Shap ;  and  that  they  have  been  lifted  over  ths 
eecarpment  of  the  carooniferous  limestone,  and  drifted  over  tba 
hiOa  near  Aopleby.  I  may  now  add,  that  they  have  been  scait<i 
teied  £ur  ana  wide  over  the  plain  of  the  new  red  sandstonerrr 
iJMA  they  have  rolled  over  the  great  central  chain  of  Engkmil 
into  the  plains  of  Yorkshire — ^Uiat  they  are  imbedded  \h  dup 
cBitvinm  on  both  banks  of  the  Tees — and  that  a  few  stragg^ag 
UocCi^  have^  if  I  mistake  not,  found  their  way  to  the  eastern 


Die  passase  of  the  same  kind  of  granitic  blocks  into  the 
valley  of  the  Kent  is,  if  possible,  still  more  difficult  to  explfdti 
by  the  operations  of  any  known  i^ent.  For  the  granite  Obhp 
exists  in  situ  on  the  very  outskirts  of  the  mountain  gipvp^  aqja 
almost  abuts  against  the  calcareous  zone  near  Shap  wdls.  ,  Yet 
a  set  of  gorges  have  been  opened  out  of  the  higher  and  more 
central  parts  of  the  groups  through  which  the  granite  bowlden' 
have  been  driven  (in  a  direction  exactly  opposite  to  that  in 
which  they  have  been  already  traced),  andf  from  which  they  Imm 
not  only  descended  in  great  abundance  into  the  valley  of  the 
Kenty  but  have  also  been  drifted  into  a  part  of  the  ridge  oetwecn 
tbe  Kent  and  the  Lune.  With  these  remarks  on  the  eztnoidi- 
narr  diiections  in  which  masses  of  Shap  granite  havtt  beea 
daraedfiiMBi  their  native  bed,  I  terminate  my  obeervatioiiaoiilliw 
MiMion  and  extent  of  the  masses  of  iocolierent  detnlift  wUdi 
M  scAttaved  of«r  inanf  parts  of  oar  iatawL 


Diluvial  Formations. 

Concluding  Hemarki. 

_  etbe  general  result  of  the  facts  detailed  in  tliis  and  the  p 

iing  paper,  we  may  conclude— that  the  floods  which  product 

'.iW  diluvml  detritus  swept  over  every  part  of  England — that  thej 
were  put  in  motion  by  no  powers  of  nature  with  which  we  aw 
iicquainled — and  that  they  took  place  during  an  epoch'  whicH 
was  posterior  to  the  deposition  of  all  the  regularstrabt  of  tHS* 
eurtli,  and  prior  to  all  known  accumulations  of  alluvial  raatter.^l 
We  have  evidence  enough  to  justify  us  in  extending  the  sam$* 
OODclusions  to  every  part  of  the  European  basin,  and  there  J! 
^190^  .evidence  which  makes  it  probaole  that  they  may  I 
fxteDded'lo  the  remotest  parts  of  the  earth's  surface,  liidec 
the  mighty  disturiiiog  forces  which  produced  tlie  acciimnlatibnl 
of  diluvial  delriliis  between  the  western  extremities  of  Europ& 
and  tl^e  pentral  plains  of  Asia,  must  probably  have  acted  v/if^ 
sufficient  energy  to  leave  some  traces  of  their  power  over  evej 
tiuvter^etf  the  globe.  On  the  continent  of  America  the  succesy 
QQA'-pf  formations  seems  to  be  veiy  nearly  the  same  with  that  ffl^ 
tmt  own  eountry ;  and  over  all  the  regular  strata,  there  occuf  M 
at^oy  places  alluvialand  diluvial  formations  in  every  respect  IiEff 
u>Q6e  of  Europe.  It  is,  therefore,  to  say  the  least  ofit,  probablff 
tlwl  the  diluvial  phenomena  of  Europe  and  America  belong  r 
the  name  epoch. 

j.Xhe  actual  duration  of  the  diluvian  era,  It  is  of  course  impoj 
si^^.to.ascertain  ;  fur  as  the  powers  of  the  agentare  unknbv^ 
-'  —  «lfvioi)sly  impossible  for  us  to  form  an  estimate  of  the  tifi 
^  was  necessary  to  the  production  of  such  effects  as  aT^ 
i^le-on  the   earth's  surface.     The   facts  which  have  bee^ 
|ilad  ^eem,  however,  to  make  it  probable  that  the  floods', 
'i  produced  the  diluvial  gravel  were  sudden  and  transient, 
,.J^  piKaent  state  of  our  information,  we  have  certainly  no 
lence  to  prove  that  all  the  highest  elevations  of  the  globe* ' 
t  pt^ipietged  by  the  diluvian  waters ;  for  the  form  of  the 
i{i^tiii>HBtain  chains  may  have  been  -produced  by  some  mom';" 
ffp%  oi^tastrophe,  and  we  have  no  right  to  assume  the  exist^v' 
,^j>.of(.4Uuvial  delrilus  in  parts  of  the  world  which  have  h'6F' 
hl^eyatnined,  or  which  are  inaccessible.    We  have,  however?'" 
■" — ^icyvieace  to  piove,  that  the  diluvian  floods  acted  on  soiffl?''* 
___ft'l*ighest  poiuts  of  Europe,  and  it  is  probable  also  that  the^^ 
hm&fi0fed  on  Bome  of  the  hij-hest  parts  of  Asia.  ■■'^ 

i^AiV^^Mtre  unacquainted  with  the  forces  which  put  the'  d^fl'.'* 
vnd  u^erM  in  motion,  we  are  also,  with  very  limited  eXriepl"* 
tiof^unable  todetermine  the  direction  in  which  the  currents  haS'SUI 
mME^  ipyer  the  earth's  surface..  Many  parts  of  the  north' of d* 
Ei)p0^.«£em  to  have  been  swept  over  by  a  great  curi'ent  whifite*^ 
HtaPtirOBbiJbs  BOdi).  In  some  puts  of  t^cotiand  there  has  bee^^^ 
|^£«HiV'Vbi..i3t,         :  ■  D  •  "^ 
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a  great  rush  of  water  from  the  north-west*    The  details  given 
above,  show  that  the  currents  which  have  swept  over  different 

{arts  of  England  have  hot  been  confined  to  any  given  direction, 
t  may,  perhaps,  be  laid  down  as  a  general  rule,  that  the 
diluvial  gravel  has  been  drifted  down  all  the  great  inclined 
planes  which  the  earth's  surface  presented  to  the  retiring  waters. 

That  the  details  given  in  the  preceding  papers  tend,  as  far  as 
they  go,  to  confirm  the  general  argument  of  Buckland'i^ 
'^  Keaquia  Diluviane  "  cannot  admit  of  doubt.  Indeed,  the 
facts  brought  to  hght  by  the  combined  labours  of  the  modem 
school  of  geolbgists,  seem,  as  far  as  I  comprehend  them,  com- 
pletely to  aemonstrate  the  reality  of  a  great  diluvian  catastrophe 
during  a  comparatively  recent  period  in  the  natiirsLl  history  of 
the  earth.  In  the  preceding  speculations,  I  have  carefully  ab- 
stained from  any  allusion  to  the  sacred  riecords  of  the  hii^tdr^ 
of  mankind ;  and  1  deny  that  Professor  Buckland,  or  any  Other 
practical  geologist  of  our  time  has  rashly  attempted' to  unit^  the 
speculations  of  his  favouritiB  science  with  tn6  ttuthd  of  re- 
velation.f 

The  authority  of  the  sacred  records  has  hetti  established  by 
a  great  mass  of  evidence  at  once  concltisive  and  appropriate ; 
but  differing  altogether  in  kind  from -the  evidence  of  observa- 
tion and  experiment,  by  which  alone  physical  truth  can  ev^r 
be  established.  It  mns^  therefore,  at  once  be  rash  and  miphi- 
losophical  to  look  to  the  language  of  revelation  for  any  dir^t 
proof  of  the  truths  of  jjphysical  science.  But  truth  must  at  tdl 
times  be  consistent  with  itself.  The  conclusions  eistablished  oh 
the  authority  of  the  sacred  records  may,  therefore,  coniiiG^tfenlly 
i^ith  the  soundest  philosophy,  be  compared  with  t6e  cbnclnsjotid 
established  on  the  evidence  of  observation  and  ex^ierimtat  i 
and  such  conclusions,  if  fairly,  deduced,  must  necessarily  b^  in 
accordance  with  each  5ther.  This  principle  had  been  adted  bti 
by  Cuvier,  and  appears  to  b^  recognized  in  evistr  V^tt  of  ih& 
"  Reliquia  Diluvidha."  The  application  i^  oDVibus.  .  TUxi 
sacred  records  tell  lis — that  a  few  thousand  yiears  i^o  '*  th* 
fouiitains  of  the  great  deep  weire  broken  up  '—and  fliat  the 
earth's  surface  was  submerged  by  the  waters  of  a  general  deliij^e ; 
and  the  investi^Uons  of  geology  tend  to  prove  that  the  Accu- 
mulations of  alluvial  matter  have  not  been  going  bii  many 
housand  years ;  and  that  they  were  preceded  by  a  great  ca- 
tastrophe which  has  left  traces  of  its  opei*&tioil  in  the  diluvial 
detritus  Which  is  spread  out  over  all  the  strata  of  the  'ear&. 

•  This  b  piioYed  in  ah  original  and  ezcellebt  ^per,  pabKiftiiedlyy  dir  tNuM  &idl^ 
in  the  Transaedoas  of  the  R^al  Society  of  Edinbu^^,  vd.  vxL  «• 
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Between  these  conclusions,  derived  from  sources  entirely  in- 
Ljdependent  of  each  other,  there  is>  therefore,  a  genernl  coinci- 
^jence  which  it  is  impossible  to  overlook,  and  the  importance 
F  which  it  would  be  most  unreasonable  to  deny-  Ihe  coin- 
tdence  has  not  been  assumed  hypothetically,  out  has  been 
"roved  legitimately,  by  an  immense  number  of  direct  observa- 
_  ims  conducted  with  indefatigable  labour,  and  all  tending  to 
8ie  establishment  of  the  same  general  truth. 


APPENDIX.  .«■ 

\  JTiie  following  account  of  the  drainage  of  a  part  of  the  ftd 
feds  bordering  on  the   Wash   of  Lincolnshire,  is  principally 
^ridged  from  Dugdale  on  "  The  History  of  Imbanking  and 
fayiiinge,"  chap.  54 ;  and  from  "  Badeslade  on  the  Navjga- 
fcn  of  King's-Lynn,  and  of  Cambridge."     It  was  intended  to 
npear  in  the  form  of  a  note  to  the  fifth  section  of  a  paper  in 
K'e  Annals  of  Phihsophy  for  April  last;  but  it  was  not  traHs- 
^tted  to  the  Editors  m  time  for  the  press,] 
,  A  short  account  of  the  drainage  of  a  part  of  the  fens,  bor- 
iBring  on  the  Wash,  during  a  period  within  the  reach  of  au- 
neptic  records,  will  esplain  and  confirm  the  assertion  in  the 
ixt.*  In  the  early  parts  of  that  period,  the  drainage  was  effected 
I  the  following  manner;    1.  By  the  channel  ot  the  Witham, 
iiich  had  nearly  the  same  course  which  it  has  at  the  present 
me,     2.  By  the  Welland,  which,  after  descending  by  Stam- 
^d,  Crowlaod,  and  Spalding,  united  with  the  waters  of  the 
I  in  the  estuary,  north  of  Holland-fen.     3.  By  the  Nene, 
4iichi  after  passing  Wansford  and  Peterborough,  descended 
r,  Whittlesea-raeer,  Ugg-meer,  and  Ramsey-meer  to  Benwick, 
Joined  by  the  Old  West-water,  one  of  the  branches 
f  the  Great  Ouse;  from  Benwick  it  iiowed  on  the  north  side 
of  March  and  Doddington  (which  stand,  if  I  mistake  not,  on  low 
diluvial  hills)  to  Upwell,  where  it  was  joined  by  the  Welney 
fiver,  then  the  principal  branch  of  the  Great  Ouse;  and  from 
Upwell    the   united   waters   proceeded  directly  to  Wisbeach, 
ftDiHeDtly  called  Ousebeach.     4.   By  the  Great  Ouse,  which, 
after  passing  Huntingdon  and  St.  Ives,  descended  to  Erith  (a 
small  village   at  the  SW.  end  of  the  old  and  new   Bedford 
rivers)  when  it  divided  into  two  branches.     One  called  the  Old 
We&t^water  ran  to  Benwick,  as  before  stated,  and  there  united 
Wjth  the  Nene.    The  other  branch,  now  called  the   Old  Ouse 
'  mnetimes  erroneously  marked   as  the   Old  West-water),  de- 
luded by  Cottenham  fen,  and  was  joined  by  the  Cam  a  few 
Bil«ft  above  Ely.     After  passing  Ely,  it  was  joined  by  the  Mil- 
■ ""  pver  i  and  it  then  passed,  by  the  way  of  Littleport  an4 

■  sic  ^niKtli  for  April,  Ediun'a  note,  »gU  ^i 
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Vf^elney,  to  Upwell ;  where  (as  above  stated)  it  joined  the 
waters  of  the  Nene  and  descended  to  the  sea  at  Wisbeach. 
5.  By  the  Little  Ouse  (then  a  very  inconsiderable  river), 
which  (after  passing  Brandon,  and  bein^  joined  by  some  small 
tributary  streams  from  the  Norfolk  side)  fell  into  the  sea  a^ 
Lynn.  In  the  preceding  account,  all  the  old  artificial  drains, 
^nd  several  minute  bifurcations  of  the  rivers,  after  they  reached 
the  alluvial  delta,  ar€»  intentionally  omitted. 

As  early  as  the  twelfth  century,  the  accumulations  of  alluvial 
silt  near  the  mouths  of  the  Welland  and  the  Nene,  caused  a 
great  back-water ;  and  in  the  early  part  of  the  thirteenth 
pentury  (by  the  great  rise  of  the  fen  lands  near  the  coast)  the 
Dut*fall  of  the  waters  by  some  of  the  old  channels  entirely  failed* 
During  this  time,  the  oed  of  the  Little  Ouse,  not  having  been 
silted  up  in  the  same  manner,  was  much  below  the  mean  level 
of  the  alluvial  delta,  extending  through  the  mouths  of  the  other 
rivers  above  mentioned ;  and  a  great  drain  was  consiequently 
cut  from  Littleport  Chair  to  Rebeck,  making  the  first  direct 
communication  oetween  the  Great  and  Little  Ouse.  The  effect 
was  exactly  what  might  have  been  anticipated.  The  waters 
which  had  been  pent  up  at  a  higher  level  aescended  with  irre- 
sistible force  through  this  new  drain  into  the  channel  of  the 
Little  Ouse,  and  so  escaped  into  the  sea  at  Lynn.  About  this 
time  the  out-fall  at  Spalding  had  so  completely  failed,  that  the 
waters  of  the  Welland  found  their  way  through  the  Catswater 
into  the  Nene ;  and  a  new  direction  having  been  given  to  all 
the  currents,  in  consequence  of  the  channel  which  was  now 
opened  below  the  level  of  the  ancient  out-fall  at  Wisbeach, 
the  united  waters  -  of  the  Nene  flowed  back  into  the  Ghreat 
Ouse  through  the  Old  West-water,  through  the  Welney  branch, 
and  through  all  the  other  cross  drains  of  the  country;  and  were 
then  conveyed  by  the  new  communication  into  the  Lynn  river. 
In  this  way,  for  many  years,  nearly  all  the  waters  of  the  alluvial 
delta,  south  of  the  Witham,  found  their  way  into  the  sea  at 
Lynn :  and  the  river,  which  had  formerly  run  between  banks 
which  were  not  more  than  twelve  perches  asunder,  was,  after 
the  changes  above  described,  more  tnan  a  mile  wide. 

Many  attempts  were  made  to  prevent  this  great  discharge 
of  waters  through  the  Ouse.  In  the  year  1292,  several  dams 
were  constructed  near  Upwell,  to  prevent  the  influx  of  the 
Nene.  But  they  produced  such  ruinous  effects  on  many  parts 
of  the  marsh  lands,  and  on  the  banks  of  the  Ouse  as  far  as  St. 
Neots,  that  in  1332  they  were  ordered  to  be  destroyed.  For 
many  years  afterwards,  the  great  drainc^e  of  the  delta  was 
effected  nearly  in  the  manner  above  described. 

In  the  year  1490,  the  discharge  by  the  Ouse  was  partially  re- 
lieved by  a  great  cut  (called  Morton's  Learn)  from  Peter- 
borough to  (fuyhim  near  Wisbeach.    This  ^as  intende4  to 
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convey  the  waters  of  the  Nene  direct  to  their  old  channel  at  • 
Wisbeach,  but  was  never  entirely  effective  before  the  year 
1638 :  when  Vermuyden,  under  King  Charles  I.  erected  nigh 
baoks  on  each  side  of  the  Leam,  ana  opened  out  a  channel  to 
the  sea.  Since  that  time  the  Neoe  has  continued  to  flow  down 
to  the  sea  by  Wisbeach. 

Notwithstanding  the   indirect  nature  of  the  new   drainage 

which  conveyed  the  waters  of  the  Welland,  the  Nene,  and  the 

Oiise,  into  the  sea  by  the  Lynn  channel,  the  fens  appear  for 

Tttny  years  afterwards  to  have  been  in  a  good  condition ;  a  fact 

rbich  can  only  be  explained  by  the  low  level  of  the  great  out- 

U.     In  course  of  time,  however,  the  new  channels   began  to 

It  up,  and  new  works   became  necessary.     Of  these  worlis, 

le  old  and  new  Bedford  rivers  were  the  most  important,  ex- 

idiog  from  Erith  to  Salters  Lode,  a  distance  of  aoout  twenty 

liles.  Soon  after  the  year  1648,whenthenew  Bedford  river  was 

completed,  the  waters  of  the  Ouse  were  shut  out  by  a  sluice  at 

Erith  from  their  old  channel,  so  that  they  did  not  mis  with  the 

waters  of  the  Cam  and  its  tributary  branches,  till  they  had 

Iwen  conducted  by  the  new  drainage  to  Salters  Lode.    These 

V  works  appear  from  the  first  to  have  been  injurious  to  the 

,ural  drainage  of  the  Cam;  for  the  floods  of  the  Ouse  ty  the 

bew  passage  reached  Salters  Lode  much  sooner  than  the  lloods 

of  the  Cam;  moreover,  the  bottom  of  the  new  Bedford  river 

was  about  eight  feet  above  the  bottom  of  the  old  Ouse.     On 

both  these  accounts,  the  banks  of  the  Cam   were  perpetually 

"joded  by  the  back-waters  of  tlie  Ouse.     One  great  flood  of 

le  Ouse  in  1720,  is  said  to  have  backed  np  the  Cam  for  twenty 

lys,  and  to  have  silted  up  a  part  of  the  old  channel   below 

Ely,  to  the  thickness  of  three  or  tour  feet.  These  ruinous  effects 

have  been  partly  counteracted  by  the    erection    of  different 

sluices ;  which,  although  affording  a  cure  for  an  immediate  evil, 

have  ultimately  produced  the  very  evil  they  were  intended  to 

remedy;  for,  partly  by  their  agency,  the  whole  bed  of  the  Cam 

IB  now  silted  up  to  the  level  of  the  Bedford  rivers. 

If  such  extraordinary  effects  as  those  described  in  this  note 
be  produced  by  the  accumulation  of  alluvial  matter  in  course 
of  a  few  hundred  years,  we  may  be  well  assured  that  the  whole 
form  of  the  neighbouring  coast  must  have  been  greatly  modified 
by  the  same  causes  acting  without  interruption,  and  without  any 
— idification  from  works  of  art,  for  3000  or  4000  years.  " 
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Article  VI, 

Astronomical  Observations,  182o« 
By  Col.  Beaufoy,  FRS. 

Bushey  Heath,  near  Stanmore, 

liititade  SP  SV  U'S"  North.    LongiMe  West  in  time  V  90^. 


m* 


May  31.  Lunwedipsc  |]^;  \l^  J?  ^"l  ]Mb.T.atBi«liey.  Shidowffldefiiirf. 

Obferved  Trmusits  of  the  Moon  and  Moon-cuhninatin^  Stars  over  the  Middle  Wire  of 

the  Transit  Instrument  in  Sidenal  Time. 

1825.*        Stars.  Transit. 

May«8.— fVirginis.. ..,.  ISh   17'  3«*ST' 

S8.— Moon's  First  or  West  limb....  IS    26  37*69 

28.— 89  Virginis IS    40  26-Sl 

29.— 317  Alrginis 14    01  2H7 

29— 22  Virgmis. 14    05  60-19 

29.— 38  SdUtaru 14    09  02-69 

29— II 6 Virginis 14    26  04'69 

29 Moon's  first  or  West  limb....  14    26  36-41 

29.— 212  librae. ., 14    47  19-70 

SO.— lOScorpu 15    06  20-03 

SO.— 91Iibne 15    21  44-30 

SO.— Moon's  First  or  West  Limb....  15    28  61-66 

30.— «  Scorpii. 15    50  04-14 

30.— »«  ScoipU 15    66  39-14 

31.— «Soorim^ 15    50  04-40 

31.— w^Scorpu 15    66  ^-42 

31.— oScorpii 16    10  11-88 

31.— ^ScorpU 16    15  10-96 

31— iScorpu 16     18  40-18 

31.— wOphiu 16    21  61-02 

31.— Moon's  First  or  West  Limb  ....  16    32  18-56 

31.— 240phiu 16    46  20-53 

31.— 39  C^hiu.... 17    07  25-46 

31.— eOphiu..... 17     11  21-03 

31.— »0^iu 17     15  4608 

81 — c«C^hiu 17    20  49-35 


Article  VII. 

•Explanation  of  the  Theory  of  the  Barometrical  Measurements  of 

Heights. 

(Continued  fiom  vol,  ix.  p.  438.) 

Of  the  Density  of  Aqueous  Vapour  in  a  Vacumn, 

Havdig;  filled  the  lower  division  (or  reservoir)  W^  of  the 
cylindrical  vessel  C  with  perfectly pt^re  water^  close  the  aperture 
^y  by  screwing  inwards  the  stopper  S.    The  upper  division  V 


1825.} 


Explamiion  of  the  Theory,  Sec. 


^f 


being  a  racuum,  and  quite  ^ry,  al£x 
withia  it  by  means  of  the  clamp  T, 
at  any  height  above  x,  the  cylindrical 
weight,  or  piston,  P,  of  the  specific 
gravity  of  mercury  at  32"  Fahr.  and 
restore  the  communication  belvi'een 
&e  water  and  the  vacuum  by  un- 
screwing the  stopper  S.  (22.)  The 
temperature  of  the  two  divisions 
being  preserved  uniformly  and  con- 
stantly ai  50°  F.  the  elastic  vapour 
emanating  from  the  liquid  will  ascend 
through  the  aperture  x,  and  instan- 
taneouely  filling  the  chamber  V,  will 
press  therein  in  every  direction  with 
a  force  determined  solely  by  the 
temperature.     The  vertical  height  of 

the  piston  being  0-4  in.  we    may  _ 

unclamp  it,  and  although  Buffered  to  gravitate  freely,  it  will 
continue  perfectly  stationary  : — a  column  of  mercury  at  32°  F. 
and  of  the  height  of  0'4  in.  forming  an  exact  counterpoise  to  the 
force,  tension,  or  elasticity,  of  aqueous  vapour  of  the  temp,  of 

(23.)  Provided  the  temperature  of  the  space  continue  «tM 
60°  F.  the  tension  of  the  vapour  tlierein  will  uot  be  affected  hfM 
an  augmentation  of  the  temperature  of  the  liquid  in  W.  ' 

(24.)  The  weight  (height)  of  the  liberated  piston  being  dirai- 
Diehed  in  any  ratio,  the  excess  of  force  of  the  vapour  would  oblige 
it  to  ascend  until  the  elasticity  of  the  vapour,  decreasing  as  the 
volume  augmented,  would  merely  support  the  reduced  pressure; 
but  being  sustained  at  its  initial  force  as  the  space  increases,  by 
continued  supplies  from  the  reservoir  of  water,  it  will  succeed, 
if  not  prevented,  in  forcing  the  piston  completely  out  of  the 
cylindrical  vessel  C. 

(25.)  If  we  increase  in  the  least  degree  the  compressing 
weight,  and  suffer  it  to  gravitate,  the  whole  of  the  vapour  will 
be  condensed,  and  regaining  in  its  liquid  state  the  reservoir  W, 
will  allow  the  piston  to  descend  to  x. 

(26.)  Repeating  our  first  experiment  with  a  pressure  equal  to 
the  force  of  the  vapour,  if  we  cu/npel  the  piston  to  descend  by 
degrees,  we  shall  find  that  as  the  space  diminishes,  the  vapour 
occupying  that  space  will  be  liquefied  without  affecting  in  the 
least  the  foice  of  the  residue.  The  piston  will  consequently 
remain  stationary  every  time  we  abandon  it  solely  to  its  own 
gravitating  force. 

(27.)  If  we  diminish  in  any  degree  the  temperature  of  the 
ce  containing  the  vapour,  a  portion  will  repass  to  the  liquid 
f :   th^  elasticity  of  the   remainder  will  be  reduced,    and 


4d  ExpUfMHon  of  the  Th^  of  tU  [it  rr; 

become  the  same  as  though  it  had  ]|^een  formed  in  ibaidiifaitiished^ 
temperature. 

(28.)  The  chamber  V  being  saturated  with  vapour  of  any 
elasticity,  cut  off  the  communication  with  the  reservoir  W,  by 
means  of  the  stopper  S.  The  piston  having  a  pressure  equ^,  6t 
superior  to  the  force  of  the  vapour,  will,  in  the  former  cctse,; 
remain  stationary  on  being  liberated :  on  the  latter  supposition, 
it  will  descend,  as  before,  to  a:,  liquefying  the  whole  of  the 
vapour.  *  ^ 

(29.)  The  pressure  being  inferior  in  iany  ratio  to  the  foree  of 
the  vapour,  the  volume  of  the  vapour  will  be  augmented,  iaiid 
its  elasticity  and  density  diminished  in  the  sarnie  prbportioh. 

(30.)  The  vapour  not  being  in  contact  with  the  eenemting 
liquid^  and  supporting  any  pressure  whatever,  will  have  its 
volume  augtnented  on  being  exposed  to  spperior  temperatures, 
at  the  uniform  rate  of  -^\-^  per  degree  from  32®  F. ;  whence  its^ 
diminished  density  and  increased  elasticity  may  be  easily  calcu- 
lated. In  this,  and  in  the  preceding  case,  the  space  containing 
the  vapour  is  said  to  be  but  partially  saturated. 

(31.)  It  is  inferred  from  the  experiments  of  Gay-Lussac  that 
aqueous  vapour  is  specifically  lighter  than  dry  air  of  equal  elas- 
ticity and  existing  in  the  same  tempferature,  very  nearly  ih  the 
ratio  of  5  to  8.  The  temperature  of  the  vapour  of  the  experi- 
ments being  100°  C.  (some  little  inferior  to  2V2P  F.)  in  order  to 
prevent  the  possibility  of  any  portion  of  the  liquid,  of  which  the 
weight  had  been  previously  ascertained,  remaining  unevaporated,' 
which  might  have  occasioned  the  grossest  errors^  the  pressure 
was  slightly  reduced,  so  as  not  to  be  fully  equal  to  the  tension 
of  the  vaipout,  or  to  30  inches.  Saussure,  as  well  as  Watt,  had 
before  estimated  the  difference  to  be  as  that  of  5  to  7,  but  as  the 
experiments  of  Gay-  Lussac  were  made  under  greater  ad  vantagesj( 
an4  subsequent  to  the  discoveries  of  Dalton,  they  are  undoubt- 
edly entitled  to  the  preference.  Wie  should,  however,  remark,, 
that  Laplace  and  Biot  have  made  use  of  the  ratio  of  5  to  7  in 
their  barometrical  investigations. 

Of  Air  containing  aqueous  Vapour. 

The  chamber  V  containing  perfectly  dry  air  of  an  elasticity 
equal  to  the  pressure  of  the  gravitating  weight  P,  secure  the 
latter  by  means  of  the  clamp  T,  and  effect  a  communication 
between  the  dry  air  and  water  of  the  reservoir  W,  by  unscrew- 
ing the  stopper  S. 

(32.)  Vapour  of  a  force  determined  solely  by  the  temperature 
of  the  air  (supposed  to  be  uniform),  rising  from  the  aqueous 
fluid,  will  gradually,  but  not  instantaneously,  diffuse  itself 
uniformly  within  the  space  occupied  by  the  air,  precisely  the 
f^ine  Its  in  a  vacuum.  Arrived  at  the  point  of  extreme  saturl- 
tioD^  the  height  of  the  watei-,  slightly  reduced  by  evaporation. 
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ihtinues  unaltered.  On  testoring  the  dry  air  to  its 
lume,  increased  in  proportion  to  the  diminution  of  that  oT  the 
iueoua  fluid,  by  turning  inwards  the  screw  U,  if  we  now  increase 
e  compressing  weight  in  proportion  to  the  augmentation  of 
^slicity  derived  from  the  introduced  vapour,  we  shall  find,  o\" 
liberating  the  weight,  that  it  will  remain  precisely  where  we  hit' 
clamped  it :  the  additional  pressure  compensates  the  ad ditiottj 

R*''"'',icity,  and  the  original  volume,  or  height,  remains  unalter^ 
3.)  Varying  the  experiment,  if  we  double  the  pressure  nol 
lined  by  the  mixture,  the  volume  will  be  found  to  be  d( 
sed  more  than  one-half.  As  the  space,  or  volume,  diminisli " 
vapour  existing  therein  lii^uefies  and  is  precipitated, 
is  continued  until  the  elasticity  of  the  air,  augmenting  as  ij 
volume  diminishes,  added  to  that  of  the  residual  vapour,  still' 
'i  initial  force,  equal  together  the  doubled  pressure. 
"{34.)  From  the  former  of  the  two  experiments,  we  learn  tl 
p  same  quantity  of  vapour,  and  of  the  same  force,  is  fortued 
Kveh  space,  uniformly  of  a  given  temperature,  whether  co-- 
y  dry  air,  or  being  a  perfect  vacuum ;  for  if  we  mix  equal 
ties  "of  aeriform  fluids  of  difierent  elasticities,  they  may  be 
nlpressfd  into  the  space  occupied  by  one  by  submitting  them 
ttectively  to  a  pressure  equal  to  the  siim  of  their  elasticities.^ 
X35.)  From  the  other  experiments,  it  is  evident  that  whi  '_' 
ice,  being  a  vacuum,  or  containing  dry  air  of  any  elasticil 
Eiilly  saturated  with  aqueous  vapour  in  contact  with  water 
^,  we  catmot  increase,  or  otherwise  alter  the  force  of 
Boor  80  long;  as  any  exists  by  augmenting  the  pressure, 
"Twiae  partially  butnot  entirely  diminishing  the  space. 
B.)  It  IS  also  obvious  that  the  maximum  of  the  force  of  mS 
vapour  existing  in  dry  air  will  be  determined  by  the  temperature 
of  the  latter ;  so  that  a  volume  of  vapour  generated  at  a  temper- 
ature of  50°  F.  could  not  possibly  exist  in  its  a'driforra  state  in 
Tj  equal  volume  of  dry  air  of  the  temperature  of  49°  F.  A  por- 
fia  of  it  would  be  precipitated,  and  the  elasticity  be  reduced 
nOi  0'4  in.  to  0'388  in.  The  air  would  now  hold  its  maximum 
jftftntity  of  vapour,  or  he  what  is  termed  completely  saturated. 

(37.)  Saturated  air  supporting  any  pressure  being  exposed, 
when  out  of  contact  with  water,  to  any  other  superior  temperature, 
or  having  its  pressure  dimihhhed,  will  have  its  volume  increased, 
1  its  density  diminished,  in  the  same  ratio  as  dry  air.  In 
h  cases,  as  well  as  when  the  supply  of  water  is  cut  off  before 
i  VoIdDae  of  air  has  acquired  the  whole  of  the  quantity  of 
lour  it  i$  capable  of  containina;,  the  air  is  said  to  be  but  pax^ 
lly  saturated,  or  only  to  a  certain  degree.  . 


Of  the  Hygrometer. 
[38.)  A  polished  surface  of  glass,  brass,  &c.  inferior  i. 


the 
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slightest  degree  to.  the  temperature  of  the  air  saturated  with 
moisture  with  which  it  may  be  in  contact  will  be  perceptibly 
clouded  with  light  dew. 

.  (39.)  When  the  air  is  but  partially  saturated,  we  must  conti- 
nue to  lower  the  temperature  of  the  polished  surface,  and  mark 
the  degree  of  the  thermometer  at  which  the  deposition  of  the 
dewjirst  takes  place. 

(40.)  This  temperature  is  termed  the  point  of  condensation, 
dew-point,  or  constituent  temperature  of  the  vapour. 

(41.)  The  elasticity  of  the  vapour  contained  in  the  air  is 
understood  to  be  equal  to  that  of  vapour  generated  and  existing 
in  its  saturated  state  in  a  temperature  equal  to  that  of  the 
observed  dew-point.  The  hygrometer  of  Mr.  Daniell  is  an 
elegant,  but  somewhat  expensive  instrument,  to  ascertain  the 
temperature  of  the  point  ot  condensation. 

(42.)  When  the  air  is  not  wholly  saturated  with  aqueous 
vapour,  a  minute  {)ortion  of  water  of  the  temperature  of  the  air 
being  isolated  within  it  will  evaporate  with  a  sensible  reduction 
of  its  heat,  determined  by  the  degree  of  saturation,  temperature^ 
&c.;  consequently  a  thermometer  having  its  bulb  covered  with 
humid  bibulous  paper,  &c.  will  be  observed  at  a  temperature 
inferior  to  that  of  the  ambient  air ;  which  difference,  together 
with  the  other  data,  easily  procured,  will  enable  us  to  calculate 
the  tension  of  the  vapour  contained  in  the  air. 

(43.)  Hygrometers  constructed  of  organic  substances  elon- 
gating from  numidity  indicate  merely  the  degree  of  saturation  ; 
yet  with  thils^  datum  m  addition  to  that  of  the  observed  tempera- 
ture of  the  medium,  we  may  ascertain  the  elastic  force  of  the 
vapour  with  su£Bcient  exactness  for  barometrical  calculations. 

Oftlie  Density  of  Air  containing  aqueous  Vapour, 

(44.)  The  densities  of  equal  volumes  of  different  fluids  are  as 
their  weights ;  and  their  weights,  if  elastic  fluids  having  th^ 
same  temperature,  will  be  as  tneir  elasticities,  or  the  pressures 
they  sustain,  multiplied  by  their  respective  specific  gravities, 
determined  when  tneir  temperatures  and  elasticities  were  the 
same. 

(45.)  Recollecting  that  as  much  vapour  is  formed  in  the  same 
space,  being  a  vacuum,  or  containing  dry  air,  we  may  readily 
find  the  density  of  air  wholly  or  partially  saturated  with  mois- 
ture compared  to  that  of  dry  air  supporting  the  same  pressure, 
and  existing  in  the  same  temperature,  by  adding  together  the 
weights  of  the  vapour  and  that  of  the  ary  air  of  the  mixture. 
The  elasticity  of  the  dry  air  being  \6  incnes,  and  that  of  the 
vapour  10  inches,  the  observed  pressure  would  be  equal  to  the 
sum  of  their  elasticities,  or  to  25  inches. ,  CalUng  1  the  weight 
of  a  cubic  foot  of  dry  air  of  this  latter  pressure  (25  inches);i  an 
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Saal  volume  of  the  dry  air  of  the  compound  would  weigh 
of  I,  or 060 

The  cubic  foot  of  vapour  supporting  the  remaining  pres- 
sure (10  inches)  would  weigh  ^  of  ^^  of  1,  or 0-25 

Sum.... ..  0-85 

The  densities  being  aB  the  weights,  the  moist  air  would  be 
specifically  lighter  than  dry  air  under  the  same  observed  pres- 
sure in  the  ratio  of  85  to  100. 

(46.)  Were  the  density  of  aqueous  vapour  equal  to  that  of  dry 
air,  the  density  of  the  mixture  would  not  differ  from  that  of  dry 
air  alone,  observed  under  the  same  pressure ;  but  being  -I- 
lighter,  we  must  reduce  in  the  same  ratio  what  would  have  been 
on  the  former  supposition  its  proportion  of  the  total  weight  of 
the  compound,  equal  to  its  proportion  of  the  elasticity  of  tha 
whole  (or  ^  of  1 ), 


Example. — Density  at  26  ipehes . .  l-OO 
Deduct  i  of  i^  of  1.  ..  0-15 


0-85  as  before. 


« 


But  this  method  of  expressing  the  ratio  of  density  of  dry  to 
moist  air  has  the  defect  of  not  exhibiting  the  value  of  their  dif- 
fer«Dcein  the  most  etriking  point  of  view,  and  would  intolerably 
enoamber  and  embarrass  our  calculations.  We  shall  find  it 
more  convenient  and  intelligible  to  indicate  at  what  (superior) 
temperature  the  density  of  dry  air  would  be  equivalent  (or  be 
reduced)  to  that  of  moist  air  observed  under  the  same  pressure. 

To  render  the  proposed  method  the  more  intelligible,  we  shall 
coniine  our  calculations  in  the  first  instance  to  air  in  a  state  of 
complete  saturation.  Suppose,  for  example,  that  we  had  48p 
volumes  of  dry  air  of  a  density,  which  we  will  call  480,  at  th« 
temperature  of  32°  F.  when  supporting  the  pressure  of  30  iuches 
of  mercury  ;  required  to  know  at  what  other  (superior)  tempera- 
ture the  density  wouh]  be  equid  to  that  of  saturated  air  support- 
ing the  same  pressure,  uid  existing  in  a  temperature  of  90    F.  ? 


Calculalio?i, 
°  F.  volume  480-00  Density  480-000 
Dry  air }     90-00  638-00  428-253 

'     """"  547-78  420-598 


Cat 32-00°  I 
air )     90-00 
I     99-78 


I 


Saturated  air  at  90".  Dew-point  90°.  (Force  of  the  vapour 
1-43  inch.)  Density  per  formula  420'598  (or  428-263  minui  4 
of^^ViT  of  428-253). 

Hence  the  density  of  saturated  air  observed  at  a  t:2mperature 
of  90°  F.  and  under  the  pressure  of  30  inches  of  mercury,  is 
precieeiy  etjual  to  that  of  dry  air  under  the  same  presaure,  aad 

Nevi  Sertei^  vol,  x.  ji  .■  j 
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of  the  temperatuire  of  99*8^  F.  H^d  wie  substituted  the  ratio  of 
6  to  7,.  as  giv^n  by  Sau^sure  and.  Watt;  .the,  temperature  would 
have  come  out  97*4°. 

•  Entering  .the.  following  table  with  the  degree  of  temperature 
indicated  by  a  thermometer  in  contact  with  saturated  air  sup- 
porting a  pressure  of  30  inches,  we  have  but  to  add  to  the 
observed  temperature  the  corresponding  equation,  given  an 
degrees  and  tenths,  and  the  sum  will  indicate  the  temperature  at 
which  the  density  of  diy  air  linder  the  same  pressure  will  equal 
that  of  the  saturated  air.  When  the  pressure  differs  from  30 
inches,  multiply  the  equation  by  30  inches,  and  divide  the  pro- 
duct by  the  oDBerved  pressure.  The  error  in  defect  resulting 
from  this  approximative  method  will  not  exceed  one- third  of  a 
degree  in  any  case  within  the  limits  of  barometrical  observa- 
tions. # 

Table  of  Equations  for  saturated  Air. — Pressure  30  Inches. 


Temp.  Add 

Temp.  Add 

Temp 

.Add 

Temp 

.Add 

Temp.  Add 

Temp 

.Adct 

Temp.  Add 
780  F.  e*!* 

Oo  F.  0-4O 

13°  F.  0-60 

260F 

.  l-Oo 

S9or 

.  1-70 

52© 

P.  2«7o 

65° 

4-20 

1         0*4 

14        0-7 

27 

M 

40 

1-7 

53 

2-8 

66 

4-4 

79        6-9 

2         0-4 

15        0-7 

28 

M 

41 

1-8 

54 

2-9 

67 

4-6 

80        7-1 

3        0-4 

16        0-7 

29 

1-2 

42 

1-8 

55 

30 

68 

4-7 

81        7-3 

'■4        0-4 

17        0-7 

30 

1-2 

43 

1-9 

56 

3-1 

69 

4*9 

82        7-6 

.5        0-5 

18        0-8 

31 

1-3 

44 

20 

57 

3-2 

70 

50 

83        7-8 

,6        0-5 

19        6*8 

32 

1«3 

45 

2-1 

58 

3-3 

71 

5-2 

84        8-1 

7        0-5 

20        0-8 

^3 

1-3 

46 

2-2 

59 

3-6 

72 

5-4 

85        8*3 

^  8        0-5 

21         0-9 

34 

1-4 

47 

2-2 

60 

S-6 

7S 

5*6 

86        8*6 

i  9        0-5 

22        0-9 

35 

1-4 

48 

2-3 

61 

3-7 

74 

5-8 

87        8r9 

10        0-6 

23        0-9 

36 

1-5 

49 

2-4 

62 

3*9 

75 

6-0 

88        92 

11         0-6 

24         1-0 

37 

1-5    50 

2-6 

63 

4*0 

76 

6*2 

89        9-5 

12        (^6 

26         10 

38 

1-6   51 

2-6 

64 

4-1 

77 

6*4 

90        9-8 

We  must  now  propose  a  case  of  air  partially  saturated  with 
aqueous  vapour,  the  pressure  being  as  before  30  inches,  the 
temperature  90°,  and  the  dew-point  of  the  vapour  70°. 

Calculation. 

rat  32-00°  Volume  480-00  Density  480-000 

Dry  air  ^      90-00  638-00  428-263 

L     96-23  643-23  424-131 

Moist  air  at  90°.  Dew-point  70°.  (Force  of  the  vapour 
0-77  in.)  Density  per  formula  424-131  (or  428-263  wimi/s  f  of 
,?^  of  428-253).        .... 

Ihe  density  of  the  moist  air  is  consequently  equivalent  to  that 
of  dry  air  of  the  temperature  of  95*23° 

With  some  trifling  sacrifice  to  ear^rewie  accuracy,  the  preceding 

table  will  also  serve  to  determine  the  equations  for  air  not  con- 

-'taining^^its  maximum  quantity  of.  humidity.    Enter  the  table 

"With  we  observed  dew-point  (70°),  instead  of  the  degree  of 

•temitemtore  jadicated.by  the  detached  Uiermometer  (90°)^  an^ 
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add  the  corresponding  equation  (5°)  to  the  temperature  of  the 
air  (90°) ;  and  their  sum  (95°)  will  denote  the  temperature 
required.  In  the  extreme  case  before  us  the  discrepancy  falls 
short  of  a  quarter  of  a  degree, — a  quantity  much  inferior  to  the 
probable  error  of  observation. 

In  case  the  construction  of  the  hygrometer  should  be  such  as 
to  indicate  merely  the  degree  of  saturation,  find  by  the  table 
the  equation  fur  saturated  air  at  the  observed  temperature,  and 
reduce  the  quantity  in  proportion.  The  correction  at  60°  for  air 
two-thirds  saturated  with  moisture,  and  supporting  a  pressure  of 
30  inches,  would  be  equal  to  ^  of  ^-6°,  or  to  2-4°.  (See  the 
tables  given  at  the  end  of  the  first  volume  of  the  Traite  de  Pbif- 
sique  by  M.  Biot,  to  reduce  the  degrees  of  saturation  of  the  hair 
hygrometer  of  Saussure  to  the  degree  of  tension  of  the  vapour 
existing  in  the  atmosphere.) 

In  tSe  barometrical  table  of  Mr.  Daniell  before  alluded  to  are 
given  the  densities  of  saturated  air  at  different  temperatures 
under  the  pressure  of  thirty  inches ;  but  as  no  allusion  is  made 
to  any  correction  for  difference  of  pressure,  and  as  the  calculation 
illustrating  the  table  is  worked  without  introducing  one,  we 
must  necessarily  conclude  that  Mr.  Daniell  conceives  the  den- 
sity of  saturated  air  of  any  given  temperature,  supporting  the 
pressure  of  30  inches,  to  be  specifically  lighter  than  dry  air  of 
that  pressure  in  the  same  ratio  that  saturated  air  of  the  same 
temperature  under  any  olker  pressure  is  specifically  lighter  thaa 
dry  air  supporting  that  other  pressure.  To  prove  the  mcorrect- 
ness  of  the  idea,  Jet  us  find  the  density  of  a  stratum  of  saturated 
air  supporting  a  pressure  of  30  inches,  and  that  of  another  stra- 
tum under  the  pressure  of  15  inches,  the  temperature  of  both 
being  90°  F. 

Density  of  dry  air  at  30  inches 1-0 

Ditto  at  16  inches 0-5  ■ 


Density  of  saturated  air  at  30  in . .  0-876245 
Ditto  at  15  inches 0-430149 


tHad  the  ratio  been  constant,  the  density  of  the  saturated  dr 
15inches  would  have  been  0-4381225.  It  is  evident  that  as 
the  stratum  under  the  lesser  pressure  contains  a  greater  propor- 
tion of  the  lighter  fluid,  it  must  be  specifically  lighter  than  dry 
air  in  a  greater  ratio  than  the  sti-atum  supporting  the  heavier 
pressure. 

When  the/orce  of  the  vapour  rising  from  the  surface  of  a  liquid 
freely  exposed  to  the  atmosphere  equals  the  pressure  of  the 
latter,  ebullition  ensues.  Consequently  if  we  note  the  tempera- 
re  of  the  liquid,  or  that  of  the  vapour  immediately  above  its 
rface  when  the  ebullition  is  perfect,  wc  may  find  by  thr 
''"s  giviag'the  force  of  aqueous  vapour  at  diflereut  tctu^ta. 
b2  1 


^  JTn  Black  an  a  very  sennble  Bakmu^  fSvhi, 

tmeB,  the  value  of  the  atmospheric  prei^sure,  or  height  of  the 
tmrometer.  The  objections  to  the  method  in  regard  to  accuracy 
and  convenience  are,  however,  too  serious  to  indiace  the  observer 
to  adopt  it  as  a  substitute  for  the  latter  instrument* 

{To  he  continued.) 


Article  VIII# 

A  Letter  from  Dr.  Black  to  Jame$  SmthsoUy  Esq*  describing  a 

very  sensible  Balance. 

BSAK  SIR,  Edinbwrgk,  Se]fU  18, 1790. 

I  HAD  the  pleasure  to  receive  your  letter  of  the  9th.  The 
apparatus  I  use  for  wei^hiQg  smsdl  globules  of  metals,  or  the 
lii^e,  is  as  follows  :  A  thin  piece  of  fir  wood  not  thicker  than  a 

shilling,  and  a  foot  long,  ^q  of  an  inch  broad  in  the  ini4dle,  and 

^  at  each  end,  is  divided  by  tmnsver^e  lines  into  20  part^.; 

that  is,  10  parts  on  each  side  of  the  middle.  These  are  the 
principal  divisions,  and  each  of  them  is  subdivided  into  halves 
and  quarters.  Across  the  middle  is  fixed  one  of  the  smallest 
needles  I  could  procure  to  serve  as  an  axis,  and  it  is  fixed  in  its 
place  by  means  of  a  little  sealing  wax.  The  numeration  of  the 
divisions  is  from  the  middle  to  each  end  of  the  beam.  The  ful- 
crum is  a  bit  of  plate  brass,  the  middle  of  which  lies  flat  on  my 
table  when  I  use  the  balance,  and  the  two  ends  are  bent  up  to 
a  right  angle  so  as  to  4stand  upright.  These  two  ends  are  oroand 
at  the  same  time  on  a  flat  none,  that  the  extreme  surmpes  of 
them  may  be  in  the  same  plane ;  P^nd  their  (distance  is  such  that 
the  needle  when  laid  across  them  rests  on  them  at  a  small  dis* 
tance  from  the  sides  of  the  b^atn.  ITh^y  rise  abOvi^  the  surface 
of  the  table  o^y  one  and  a  h^f  of  twQrtenth^  oi^  ip^h,  so  that 
the  beam  is  very  limited  in  its  play. 
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The  weights  I  use  are  one  globule  of  gold,  which  weighs  one 
grain;  and  two  or  three  others  which  weigh  onei-tentJi  of  a  grain 
each  ;  and  also  a  number  of  small  rings  of  fine  brass  wire  madp 
in  the  manner  first  mentioned  by  Mr.  Lewis,  by  appending  a 
weight  to  the  wire,  and  coiling  it  with  the  tension  of  that  weight 
round  ^a  thicker  brass  wire  in  a  close  spiral,  after  which  the 
extremity  of  the  spiral  being  tied  hard  with  wax^d  thread,  I  put 
the  eovered  wire  in  a  vice,  and  implying  a  sharp  knife  which  is 
•triHsfc  widi  4luuiimef>  I  cut  tlurotfgh  a  gfeat^jusDlliH^  loif  tht  Mils 
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at  one  Btrolte,  and  fiod  them  as  exactly  equal  to  one  another  as 
can  be  desired.  Those  I  use  happen  to  be  the  l-30th  part  of  a 
grain  eacbj  or  300  of  them  weigh  10  grains ;  but  I  have  others 
much  lighter. 

You  will  perceive  that  by  means  of  these  weights  placed  on, 
difterent  parts  of  the  beam,  I  can  learn  the  weight  of  any  little 
Hiass  from  one  grain  or  a  little  more  to  the  -^-^  of  a  grain. 
For  if  the  thing  to  be  weighed  weighs  one  grain,  it  will,  when 
placed  on  one  extremity  of  the  beam,  counterpoise  the  targe  gold 
weight  at  the  other  extremity.  If  it  weighs  half  a  grain,  it  will 
counterpoise  the  heavy  gold  weight  placed  at  5,  If  it  weigh 
T%  of  a  grain,  you  must  place  the  heavy  gold  weight  at  5,  and 
one  of  the  lighter  ones  at  the  extremity  to  counterpoise  it;  and 
if  it  weighs  only ) ,  or2,or3,  or  4-lOOths  of  a  grain,  it  will  be 
eoTinterpoised  by  one  of  the  small  gold  weights  placed  at  the 
first,  or  second,  or  third,  or  fourth  division.  If  on  the  contrary 
it  weigh  one  grain  and  a  fraction,  it  will  be  counterpoised  by  the 
heavy  gold  weight  at  the  extremity,  and  one  or  more  of  the 
lighter  ones  placed  in  some  other  part  of  the  beam. 

This  beam  has  served  me  hitherto  for  every  purpose;  but  had 
I  occasion  for  a  more  delicate  one,  I  could  make  it  easily  by 
teking  a  much  thinner  and  lighter  slip  of  wood,  and  grinding 
the  needle  to  give  it  an  edge.  It  would  also  be  easy  to  make  it 
oarry  small  scales  of  paper  for  particular  purposes. 

We  have  no  chemical  news,  I  am  employed  in  examining 
tbe  Iceland  waters,  but  have  been  often  interrupted.  I  never 
heard  before  of  the  quartz-like  crystals  of  barytes  aerata,  nor  of 
the  sand  and  new  earth  from  New  Holland,  Indistinct  reports 
of  new  metals  have  reached  us,  but  no  particulars.  Some  fur- 
ther account  of  these  things  from  you  will,  therefore,  be  very 
agreeable.  Dr,  Hutton  joins  me  in  compliments,  and  wishing 
ydu  all  good  things ;  and  i  am.  Dear  Sir,  ' 

Your  faithful  humble  servant,  '^ 

Joseph  Black.  ^ 


T^ole  bv  Mi;  Smithson, — The  rings  mentioned  above  have  the 
defect  of  their  weight  being  entirely  accidental ;  and  conse- 
qaently  most  times  very  inconvenient  fractions  of  the  grain.  I 
have  found  that  a  preferable  method  is  to  ascertain  the  weight 
of  a  certain  length  of  wire,  and  then  take  the  length  of  it  which 
corresponds  to  the  weight  wanted.  If  fine  wire  is  employed,  a 
set  of  small  weights  may  be  thus  made  with  great  accuracy  and 
ease.  Inconvenience  from  the  length  of  the  wire  in  the  higher 
weights  is  obviated  by  rolling  it  round  a  cylindrical  body  to  a 
ring,  and  twisting  this  to  a  cord. 

This  little  balance  is  a  very  valuable  addition  to  the  blowpipe 
apparatus,  as  it  enables  the  determination  of  qu&>ititiea  in  t!ie 
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experiments  witb  that  instnimentt  which  vfmn  aa  tmhi^ped-for. 
accession  to  Its  powers.  :< 

Dr.  Black  mentioned  to  me  its  h8Tin|r  been-  naed-byr  Bn 
assayer  in  Cornwall^  to  whom  he  had  maae  it  known ;  and  I. 
have  since  heard,  from  another  persdn,  of  an  assayer 'in  that 
county,  who^  finding  the  assays  he  was  employed  to  make,  cost 
him  more  in  fuel  than  he  was  paid  for  them,  had  contrived  means 
of  making  them  at  the  blowpipe  o]n  one  grain  of  mitten^  Lpre-r 
$ume  him  to  have  been  the  same  Dr.  Black  had  spoken  of.  ^  -■ 

Londtm,  Hay  12, 1826. 
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Notice  on  the  Diluvium  of  Jamaica.  By  H.  T.  Diq  la  Bec^^e^ 
FRS.  &c.  (Read  at  the  Bristol  Philosophical  Society, 
May  12,  1825.) 

Any  addition  to  our  information  respecting  diluvium  cstniiot 
be  without  interest  to  geolo^sts,  more  particularly  wheit  itis 
derived  from  countries  far  distant  from  those  whicu  have*  been, 
previously  examined.  Prof.  Buckland's  distinctions  between 
diluvium  and  alluvium  are  too  well  known  to  require  any  expla- 
nation. That  objections  have  been  raised  to  these  distinctions, 
and  the  disco venes  connected  with  them,  is  most  certedn ;  but 
as  Prof.  Sedgwick  very  justly  observes  {Annals  of  Philosophy, 
April,  1 826),  "  the  greater  part  of  the  objectors  are  undeserving' 
or  any  animadversion,  as  they  appear  entirely  ignorant  of  the  very 
elements  of  geology,  and  far  too  imperfectly  acquainted  with  the 
facts  about  which  they  write  to  have  it  in  their  power  to  turn 
them  to  any  account."  In  this  class  may  not  unfairiy  be  placed 
the  work  which  a  writer  in  the  Quarterly  Journal  of  Science  very  ■ 
gravely  informs  us  is  masterly ! ! 

The  following  observations  were  made  during  a  residence  in 
the  Island  of  Jamaica  from  December,  1823,  to  December,  1824. 
The  first  district  which  I  shall  notice  is  the  great  plain  of 
Liguanea,  upon  the  lower  part  of  which  the  city  of  Kingston  is 
situated.  Tnis  presents  an  inclined  surface,  falling  gradually 
from  a  height  of  about  760  feet  (where  the  plain  abuts  against 
the  mountains  bounding  it  on  the  N)  to  the  sea.  This  plain  is 
almost  wholly  composed  of  diluvial  gravel,  consisting  of  the 
detritus  of  the  Jamaica  mountains,  and  evidently  produced  by 
causes  not  now  in  action. 
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^  ■  Theabove  section  will  espiaiu  better  than  words  the  manner 
i-ia  which  the  diluvium  (A)  aButs  against  the  St.  Andrew's  moun- 
I  jttntB  (B).  The  latter  are  composed  oCnorphyry,  syenite,  green- 
l.itoiie,  brownisli  red  porphyritic  conglomerate,  siliceous  aand- 
itoDe8>  abates,  and  coal,  that  resemble  our  coal  measures,  with 

'    i  sandstones  and  conglomerates  of  an  older  date  resting  upou 

'm  .transition  rocks.  Rounded  portions  of  all  these  rocks  compose 
-the  gravel  of  Liguanea;  the  pebbles  are  not  in  general  very 
\&Tge  ;  blocks,  however,  of  siliceous  sandstone,  and  of  consider- 
able dimensions,  are  found  near  the  Hope  estate,  the  property 
of  tlie  Duke  of  Buckinebara. 

The  Hope  river,  with  the  Mammee  river  which  falls  into  it, 
drains  a  considerableportionofthc  St.  Andrew's  mountains, and, 
when  the  waters  are  low,  loses  itself  among  the  Liguanea 
gravels,  at  that  part  of  its  course  where  first  quitting  the  rocky 
defiles  of  the  mounUiins  it  enters  upon  this  diluvial  plain ;  but 
when  the  river  is  swollen  by  heavy  tropical  rains,  it  becomes  a 
torreot  of  considerable  magnitude,  rushing  witli  great  force 
through  the  defile  which  opens  upon  the. plain,  by  the  continual 
recurrence  of  which  it  has  excavated  the  gravel  to  a  considerable 
depth ;  so  that  in  fact  the  causes  now  in  action-  tend  to  destroy 
the  gravel  plain  rather  than  form  it.  The  section  of  diluvial 
gravel  made  by  the  river  near  the  Hope  Tavern,  cannot  be  less 
than  between  300  and  400  in  depth,  and  the  tavern  itself  is, 
according  to  the  barometrical  measurement  I  made,  698  feet 
above  the  level  of  the  sea.  The  diluvial  gravel  rises  some 
he^ht  above  the  tavern. 

Proceeding  up  the  Hope  Valley,  a  part  of  the  road  displays  a 
aectioD  of  diluvium  (the  rounded  rock  pieces  of  which  are  large), 
resting  upon  a  projecting  portion  of  the  mountain  that  rises 
about  600  feet  above  the  bed  of  the  river. 

In  addition  to  the  Hope  river,  nudierous  gullies  formed  by 
heavy  tropical  rains,  cut  the  diluvial  plain  of  Liguanea  in  various 
directions,  so  that  far  from  being  formed  by  Uie  waters  which 
now  descend  from  the  mountains,  every  stream  that  traverses  it 
tends  to  destroy  it,  and  carry  the  gravel  into  the  sea. 

This  plain  descending  gradually  to  tlie  sea,  and  being  pro- 
tected from  the  ravages  of  the  latter  by  the  Palisades,  a  sand 
bank  extending  several  miles  from  Port  Royal  to  the  main  laud. 
alluvial  matter  is  deposited  on  parts  of  the  shore,  more  particu- 
larly between  Kingston  and  Port  Henderson,  on  which  mangrove 
trees  are  numerous  ;  in  fact  these  trees  are  extremely  well  calcu- 
lated for  the  accumulation  of  alluvium,  their  long  stilt-like  roots 
collecting  mud  and  other  matters  together,  and  then  protecting 
what  they  have  collected  from  being  washed  away  by  any 
violent  rush  of  water,  the  numerous  roots  breaking  its  force. 

It  is  almost  impossible  to  stand  upon  the  gravel  plain  o(  Ligua- 
nea vfiibout  feeling  conrinced  that  it  could  noi  Vuve  \)e^^^. 


I 
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formed  by  any  eausee  now  in  action,  but  tbat  the  porphyry, 
greenstone,  and  other  pebbles,  which  constitute,  with  a  few  clay 
find  sand  beds,  the  mass  of  the  plain,  were  derived  from  the 
Jamaica  mountains  in  the  same  manner,  and  at  the  same  period, 
as  the  numerous  European  tracta  of  gravel,  which  have  resulted 
from  the  destruction  of  European  rocka,  and  which  contain  the 
remains  of  elephants,  &c.  It  ia  true  that  bones  have  tiot  ySt 
been  discovered  in  the  Jamaica  gravels,  but  it  should  be  recol- 
lected that  the  opportunitieB  for  such  discoveries  are  by  no 
ibeans  so  abundant  as  in  those  countries  where  gravels  are 
extensively  used  for  roads  ;  the  climate  moreover  is  such,  that 
few  are  tempted  to  risk  their  health  by  prosecuting  researches 
of  this  nature  beneath  a  tropical  snn. 

The  diluvial  plain  of  Liguanea  is  continued  westward  through 
the  low  lands  of  St.  Catherine  and  St.  Dorothy ;  sands  and  clays 
are  more  abundant  in  the  latter  districts,  but  in  other  respects 
the  diluvium  is  the  same.  The  sections  aiforded  by  the  rivers 
and  gullies  are  of  considerable  interest,  though  I  nowhere 
observed  one  so  deep  as  that  of  the  Hope  River, 

To  the  westward  of  the  above-mentioned  plain,  but  separated 
from  it  by  a  range  of  low  wh  ite  limestone  hills,  is  another  great 
plain  /orming  the  parish  of  Vere,  and  the  lower  pari  of  that  of 
Clarendon  ;  it  is  surrounded  by  white  limeetone  hills  and  moun- 
tains* oil  all  sides  but  on  the  S  and  SW,  where  it  is  washed  by 
the  sea,  with  the  exception  of  the  space  occupied  by  Portland 
Ridge. 

The  greater  part  of  this  plain  is  diluvial,  oonsiating  of  gravels, 
clays,  and  sands ;  the  former  is  principally  composed  of  porphyry, 
grtenstone,  and  other  trap  rock  pebbles,  which  are  all  most 
probably  derived  from  the  destruction  of  part  of  the  St.  John's 
and  Clarendon  mountains. 

Many  fine  sections  of  this  diluvium  are  afforded  by  the  Rio 
Minho,  which  traverses  it  nearly  through  its  whole  length,  as 
also  by  numerous  deep  guUies :  it  is  easy  to  remark  here,  as  in 
the  case  of  Liguanea,  that  the  causes  now  in  action  tend  to 
destroy  ihis  plain,  and  are  altogether  inadequate  to  its  formation. 

It  is  remarkable  that  though  this  diluvium  is  nearly  surrounded 
by  hills  and  mountains  of  the  white  limestone  formation,  very 
few  fragments  of  it  are  to  be  discovered  in  the  gravel,  arising 
probably  from  its  being  less  hard  than  the  porphyry  and  green- 
atone,  and,  therefore,  less  able  to  resist  any  violent  attrition 
than  the  latter. 

*  It  19  sufHdeDt  St  present  to  obtieive,  that  the  Jamaica  vliite  UmeBtaiie  forin&dan 
ismmstg  of  compact  white  limestone  beds,  rceembliag  the  cpmpnct  varieties  of  the  Sam 
littiestoae;  these  faeda  are  often  of  veiy  conBldciible  thteknesn,  and  are  aasbdaied  *-'''' 
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Beneath  this  diluvium,  but  above  the  white  limestone  forma- 
k)OD,  RR  ambiguous  conglomerate  occurs,  which,  from  the  supe- 
rior de^ee  of  its  consolidation,  it  seems  difficult  to  refer  to  ihe 
diluvial  period ;  the  pebbles,  however,  very  closely  resemble 
'^ose  which  are  certainly  the  products  of  that  geological  era. 

The  Vere  plain,   like   that  of  St,  Dorothy  and  Liguauea,  is 

founded,  where  it  touches  the  sea,  by  alluvium  and  mangrove 

rees. 

There  are  other  diluvial  districts  in  Jamaica  ;  the  above  are, 

iiDwever,  sufficient  for  my  present  purpose,  which  is  merely  to 

'Acrw  that  the  diluvium  of  Jamaica  has  been  produced  by  similar 

vith  the  diluvium  of  Europe,  which  latter  I  have  had 

ipportunities  of  examining  in  the  British  Isles,  France,  Italy, 

irermany,  &c. 
Aa  connected  with  this  subject,  it  may  be  as  well  to  notice 

Bie  valleys  formed  in  the  white  limestone  hills  and  mountains : 
^esepresest  the  usual  varieties  observed  in  otbei:  parts  of  the 
l^orW ;  yet  instances  are  rare  in  which  water  will  be  fomid  to 
%avr  through  them ;  the  white  lime^itone  formation  is  in  fact 

ixtremely  cavernous,  and  the  rains  that  fall,  which,,  it  is  well 
jaown)  are  very  heavy  in  the  tropics,  are  received  into  innumer- 
[fttile  .  sink  boles  and  cavities,  and  disappear ;  sometimes,,  but 
again  rising  and  flowing  for  a  short  distance,,  again  to  be 

wallowed  up.  The  districts  occupied  by  this  cavernous  lime- 
"stone  are  very  extensive,  and  their  places  are  generally  shown 
on  a  good  map  of  Jamaica  by  a  want  of  rivers ;  whereas  the 
latter  are  abundant  among  the  other  rocks.  Here  we  have 
instances  of  valleys,  several  of  which  are  of  very  considerable 
depth,  without  running  waters  in  them;  they  could  not,  there- 
fore, be  formed  by  the  waters  which  now  traverse  them,  since 
there  are  none  which  do  bo  :  these  valleys,  then,  are  completely 
opposed  to  the  theory  that  valleys  owe  their  origin  to  the 
streams  or  rivers  which  now  run  through  them. 

A  valley  of  denudation  is  seen  at  WilUamsfield  (the  property 
oi  Lord  Harewood)  in  St.  Thomas  in  the  Vale.  The, caps  of  the 
hille,  or  rather  mountains,  on  either  side  are  formed  of  white 
limestone  in  nearly  horizontal  beds;  these  rest  on  porphyritic 
and  other  trap  rocks  forming  the  bottom  of  the  valley  in  which 
the  Rio  d'Or  flows.  This  valley  is,  therefore,  similar  (as  far  as 
respects  denudation)  to  the  valleya  formed  in  the  green  sand  and 
lias  near  Lyme,  and  the  green  sand  and  new  red  sandstone  near 
Sidmouth ;  for  there  would  appear  no  more  reason  to  doubt  that 
the  white  limestone  near  Williamsfield  bad  once  been  joined  by 
strata  now  swept  away,  than  that  the  green  sand  of  the  hills  in 
the  neighbourhood  of  Sidmouth  and  Lyme  had  once  been  con- 

UIUOUM. 

"Biirhig  my  residence  in  Jamaica  I  visited,  among  other 
)a^^osj  that  most  celebrated,  which  is  nanaedVoxfts.ii'i.  ^i'i.'s^i 
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from  being  situated  in  Portland  Ridge,  Vere.  The  following  is 
a  Bection  of  part  of  this  cave,  in  which  two  or  three  circum- 
Btances  deserve  attention,  as  they  cannot  fail  to  remind  the  reader 
of  some  of  Prof.  Buckland's  cavern  sections. 


•••< 


near  en©  iuii«**c/  ««..«© v,  v««.v  x  woo  prcyeaiea 

fK>m  iwwnmg  long^io^the  cav^^^ 

This  car*  «  situated  on  the  side  of  a  hill,  and  is  a  short  dis^ 
tanw  from  Ae  sea,  but  stifficiently  elevated  above  it  to  prevent 
the  possibility  of  the  clay  bem^  denved  from  it  at  its  present 
level-  The  crttSt  of  stalagmite  is  of  s\ifficient  thickness  to  sbow 
that  it  must  have-  taken  a  long  time  to  form.     1  did  not  observe 


atic  maBi*  nnw^  „»«.^"  «..>,..£,  v.«*^  vv  *vtu*.     1  um  noi  ODserve 
iV  boiies  bbnettth  it,  and  am  now  sorry  that  proper  search  was 

not  made;  tis  the'  depth  of  the  silty  clay  has  not  been  ascertained, 

^„^^  jiu  it  mlffht  contain  bones, 

|\irlhmd  Cavfe  has  been  visited  by  hundreds  of  persons,  mpst 
.v^  wKffun  hate  written  their  names  on  almosf  pv^i^tr  ov;/»^i^n.i;. 


uny 
not 


itKolt  Qt  ntue  importance ;  but  it  becomes  interesting  as  con- 
^cted  with  the  sections  of  caverns,  beneath  the  stalagmitic 
^DOtA  of  which  bones  have  been  discovered.  -    • 


!•■ 
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On  the  Genus  Visua of  Cuvier,  with  its  Divisions  into  SubsentriK' 
By  JohQ  Edward  Gray,  Esq.  FGS.  ' 

(To  the  Editors  of  the  Annals  of  Philosophy.) 
GENTLEMEN,  Britith  Mneum. 

LinvjEvs  placed  in  the  genus  Ursus  the  whole  of  the  heel 
walking  carnivorous  animals ;  but  the  modern  zoologists  have 
reduced  it  to  those  of  his  genus  which  have  one  or  more  smalt 
distant  false  grinders  between  the  true  grinders  and  the  canine 
teeth  ;  therefore  restricting  it  to  Ursua  Arctos  and  Maritimus, 
the  only  two  species  known  in  his  time.  But  by  the  exertions 
of  travellers  we  have  become  acquainted  with  six  other  species, 
which  most  authors  have  found  very  difficult  to  characterise,  or 
they  have  at  least  been  involved  in  considerable  obscurity  from, 
the  want  of  observing  and  comparing  them  together. 

Having  lately  had  the  opportunity  of  examining  six  speciev 
BHve,  three  of  which  are  at  present  in  the  menagerie  attached  to 
'  ^lie  Tower  of  London,  and  the  rest  moving  about  the  country  in 
Ibe  caravans  of  the  itinerant  exhibitors,  1  have  been  enabled  to- 
Kvide  the  genus  into  sections,  which  1  hope  will  facilitate  the 
IJpowIedge  of  the  species. 

The  divisions  may  be  regarded  as  subgenera ;  like  most  natu- 
'  J  groups  they  are  each  confined  to  particular  parts  of  tbe 
^be,  with  a  few  exceptions,  which  may  be  explained  by  consv- 
Biring  the  confusion  that  has  hitherto  existed  regarding  their 
^cies:  thus  Desraarest,  when  he  placed  India  among  Ike 
ibitat  of  the  common  bear,  appears  by  his  descripljon  toliave 
Pl^founded  the  Malay  or  long  liped  bear  with  that  species, 
'i  I  propose  to  divide  the  genus  ijito 

^  T,  I'hose  which  have  short  conical  recurvid  claws,  aieptedfor 
ifm/ting. 
mt   This  group  may  be  considered  as  the  type  of  the  genus,  audit 
Contains  the 

,1.  European  Bmrs,  which  have  convex  foreheads  and  long 
iels,  as  r  .- 

1.  Ursus  Arctos.     Lin.  Si/st.  Nat.  i.     S  albida,  •« 

2.  Ursus  collaria.     F.  Cuvier,  Maimn.  Lithog.  -i^^ 
3. Pyreniacus.     jF.  Cuvier,  Mamm.  Lithog. 

'  The  two  latter  may  be  only  varieties  of  the  former  species, 
{Ud  Urstts  Tibethianus  may,  perhaps,  be  more  properly  referable 
b  this  group.  7 

L2.  The  American  Bears,  witii  flattened  foreheads  and  short 
sels,  aa 

4.  Ursua  Americanus,  Pallas,    U.  golaris,  Geof. 


§0  Mr.  GtAy  on  the.  i?ttt^ 

The  cinnamon,  or  yellow  bear,  of  Cation's  animals,  and  the 
chocolate  bear,  both  of  which  are  aUve  in  the  Tower,  may,  per- 
haps, be  considered  as  varieties  of  this  species ;  but  I  regret 
that  I  am  not  enabled  to  verify  this  fact,  as  I  have  never  seen 
dxtbei*  h  liv^  specimen  or  skull  of  the  type  Of  {he  ispercies,  whi<^h 
would  have  enabled  me  to  speak  with  mof  e^  precision. 

II.  Those  which  have  long  compressed  claws, /fitted  for  dig^ 

ging.  ^ 

•Thin  group  contains  three  sections,  all  which  differ  Confeider- 
iAAf  from  the  type  of  the  geHus,  bat  the  t&nit^  one  partioulitrly, 
as  may  be  judged  from  the  fslct,  that  it  has  etcit  bci^  placed  iti 
ft  different  part  of  the  system. 

3.  The  Great  American  Bear^  which  agrees  Krith  the  oth^i? 
American  bears  in  their  general  form,  bdt  differs  ttoiti  them  in  it^ 
ionger  heels,  arc  vefy  large  nearly  straight  clawi^,  iSs* 

6.  Ursus,  ferox,  JDesm.   utrus  cmeYetls,  tJ.  horibilis,  Ord. 

The  grisly  bear  of  Lewis  and  Clark's  Travels^  Danis  ferox^  nobi 
.  This  species  is  very  distinct  from  the  two  presumed  varieties 
of  the  otner  American  species,  next  to  which  it  is  placed  in  the 
Tower,  where  it  has  been  kept  for  16  veatrs,  as  is  well  known 
to  most  of  the  visitors,  by  the  name  of  Old  Martin  :  it  is  upwards 
of  seven  feet  long,  and  exceedingly  strong ;  but  it  is  obedient  to 
the  keeper>  and'  sits  upon  its  haunches  ^en  desired. 

This  atiimal  exhibits  in  a  remarkable  manner  tb^  fastidious- 
ness of  zoological  artists.  It  has  been  in  this  Country  for  many 
years>  add  most  of  the  animals  which  surround  it  in  the  above- 
named  collection  have  been  pubUshed  two,  and  soine  even  three 
times  over,  while  this  has  never  even  been  drawn.  I  cannot 
find  that  any  figure  has  been  published  of  it  on  the  Continent^ 
which  is  not  to  be  wondered  at  when  we  consider  its  habitation. 
Mr.  Say,  in  his  excellent  account  of  the  animals  collected  in  Mr. 
James's  interesting  Travels  to  the  Rocky  Mountains,  refers  ta 
a  figure  belonging  to  that  work,  which  may  be  in  the  American 
edition,  but  it  is  certainly  not  to  be  found  in  the  English  one. 
This  section  will  form  a  very  distinct  subgenus,  for  which  I  pro- 
pose the  name  of  Danis,  Ulinton  considered  it  to  be  the  recent 
state  of  Megalonyx  of  Jeferson,  but  Mr.  Cuvier  has  referred  the 
latter  animal  to  his  genus  Megatherium;  but  as  it  is  probable 
that  it  will  at  least  form  a  distinct  genus,  I  cannot  use  the  above 
expressive  name  for  the  recent  animal,  as  it  has  been  preoccu- 
pied for  the  fossil  one. 

4.  The  Asiatic  Bears,  which  have  very  long,  extensile,  and 
exceedingly  mobile  lips,  narrow,  long,  and  extensile  tongue,  veiy 
broad  and  rather  depressed  heads,  and  are  usually  of  a  dark 
brown  colour,  with  a  white  forked  mark  upon  their  chest,  as 

1,  Prochilus  labiatus,  nob.    Ursus  labiatus,  Cuv.    Bra- 

dypus  ursinus,  Shaw.    Prochilus Illiger,  Me- 

.  larfttw;    Meyer,  ChToikdis>xhyTkchmf  Fischer.- 


!8.5l  Oenu!  Ursus  ofCuvie. 

2.  Procbilus    Malayanus,     nob. 


Ureue    MalayanuB, 


[  3,  UrsuaTebetbiaiiua.     F,  Cuv.  Mamm.  Lithog. 

r  The  specimen  of  the  first  described  species  of  this  division 
prss  destitute  of  cutting  teeth,  and  was,  therefore,  against  the 
j^ample  of  LinnEeus  himself,  placed  witli  the  Bradypi,  the  only 
^nus  posaessing  canine  teeth  and  grinders,  and  wanting  the 
ntting  teeth,  under  the  name  of  Bradyptis  ursinus,  or  Ursine 
Wltdh.  The  illustrious  lUiger,  not  knowing  that  the  cutting 
P^th  had  been  destroyed,  but  aware  that  it  bad  not  the  habitg 
H  the  sloth,  by  its  external  organisation,  formed  it  into  a  genua 
■gtinct  from  them  under  the  nanie  of  Procliilus.  Meyer,  regard- 
mfis  of  the  name  of  Illiger,  gave  it  the  name  of  Melursus,  and 
Fischer  in  his  Zoognomia  that  of  Chrondyrhynchus.  It  was 
Bpchanan,  in  his  Travels  in  the  Mysore,  that  first  pointed  it  out 
b  being  a  bear.  This  group  forms  a  very  distinct  subgenus ;  I 
Kould,  therefore,  recommend  the  adoption  of  the  former  name 
■  lUIger's,  on  account  of  its  aptness  and  priority  for  the  whole 
feoup. 

B  I  have  seen  four  specimens  of  the  Prochilus  Inbiatvs,  all  of 
■hich  had  their  cuttmg  teeth  destroyed;  but  whether  it  was 
pbne  before  they  arrived  in  this  country,  or  by  the  showmen  to 
■l^ke  them  sloths,  and  thus  agree  with  their  bills,  I  know  not, 
Mr  could  ever  discover. 

frTbe  Malay  Bear  is  very  remarkable  for  the  depressed  form  of 
■t  body,  and  its  low  manner  of  walking ;  for  ite  body  (when  ia 
Mnfinement  at  least)  nearly  touches  the  ground,  and  its  feet  are 
Epcurved  so  as  nearly  to  touch  each  other.  It  was  first  described 
w  Sir  Stamford  Raffles  in  the  Linnean  Transactions,  and  figured 
K'  Mr.  Griffith,  from  a  drawing  by  my  friend  Major  Hamilton 
Ennith,  afler  a  stulfed  specimen  in  the  Museum,  which  was  pre- 
Eented  to  that  establishment  by  Lady  Banks ;  and  again  by  him 
Khjs  Trasslation  of  Cuvier's  Animal  Kingdom,  froai  an  exceV- 
JH!nt  drawing  by  Landseer,  %iter  tb^  specimen  at  present  alive  in 
jfij^.Tower ;  but  the  attitude  of  neither  of  the  plates  gives  fhe 
fccuKar  appearance  of  the  animal  when  it  walks — a  peculiarity 
jip  be  observed,  but  not  so  fully  developed  in  the  Ursus  labiatus. 
W  The  Malay  Bear  has  the  very  peculiar  depressed  broad- 
fepnded  head,  the  thin  lengthened  snout,  very  long,  extensile, 
Ssrrow  tongue  of  the  Prochilus  labiatus,  with  which  it  was  con- 
BDunded  by  the  showmen  when  it  was  first  brought  alive  to  Ibi^ 
pQUDtry.*  I  have  not  been  able  to  learn  if  the  same  peculiari- 
H^  are  found  in  the  Tibeth  Bear,  as  I  only  knew  that  species 
n>m  the  figure  and  description  of  Mr.  Frederic  Cuvier.  T  have, 
werefore,  placed  in  this  section  with  a  mark  of  doubt.    The. 

P  '  *  And  this  species  bu  been  confounded  together  OU  the  Continent.  '^| 


02  *  Anafyses  of  Booh:'  [Jult, 

latter  species  agrees  with  the  rest  of  the  section,  in  having  the 
white  mark  on  the  neck,  but  this  character  is  also  found  in  the 
European  spedes.     ' 

The  peculiarity  of  the  nose  and  lips  is  found  in  a  slight  degree 
in  the  American  Bears,  especially  the  Vrsushorribilis;  hut  1  have 
not  observed  it  in  the  common  brown  bear. 

Dr.  Leach  figured  the  skull  of  the  Malay  Bear  from  the  spe- 
cimet^  in  the  Museum,  if  I  recollect  rightly,  under  a  new  generic 
name ;  but  I  can  neither  find  the  skuU,  or  a  copy  of  the  litho- 
^graphic  plate :  the  former  might  have  been  given  by  Sir  Joseph 
Sanksfor  his  private  collection;  and  with  regard  to  the  latter,  I 
do  not  much  regret  its  scarcity,  as  if;  would  only  be  adding 
another  name  to  the  numerous  synonyma  already  given  to  the 
«ub^enu8  to  which  it  belongs. 

III.  Those  species  which  have  rather  short  uncurved  claws, 
and  broad  hairy  paiosfor  swimming :  they  are  usually  of  a  white 
colour,,  and  have  long  heads,  and  several  false  grinders  in  the 
spaiQ^^  between  the  canine  and  grinding  teeth,  as  the  Sea  Bears, 

Ursus  Maritimus,  Lin.  nob.    Thalarctos  polaris. 

I  have  heard  several  zoologists  observe,  that  they  believe  there 
aretiwo  species  confounded  under  the  name  of  the  i*ohr  Bear; 
hut  L  have  examined  several  skulls,  and  seen  three  living  speci- 
mens, all  of  which  certainly  belonged  to  one  species. 

This  species  forms  a  very  distinct  subgenus  on  account  of  its 
haUts,  colour,  the  form  of  its  skull,  and  the  number  of  its  false 
grinders.  I  propose  to  designate  it  with  the  name  of  TA^i/arc^o;. 


Article  XI. 
Analyses  of  Books 


Philosophical  Transactions  of  the  Royal  Society  of  London,  for 

1824.    Part  IL 

The  following  papers  are  contained  in  this  part  of  the  Phi- 
losophical Transactions : — 

XI.  Some  curious  Facts  respecting  the  Walrus  and  Seal,  dis* 
covered  by  the  Examination  of  Specimens  brought  to  England 
by  the  different  Ships  lately  returnedfrom  the  Polar  Circle.  By 
Sir  £.  Home,  Bart.  VPRS.  In  a  letter  addressed  to  Sir  H. 
Davy,  Bart.  Pres.  RS. 

.  Some  account  of  this  communication  will  be  found  in  the 
^itna&for  April  1824,  in  the  report  of  the  proceedings  of  the 
Royal  Society,  p.  307. 

XII.  Additional  Experiments  and  Observations  on  the  Appli-- 
^ium  ^  Ei€ctrical  Combination?  to  the  Preservation  of  the 


\^25.]      Philosophical  Transactions  for  1824,  Pari  II. 


ypper  Sheathing  of  Ships,  and  to  other  Purposes. 
,  Bart.  Pres.  RS. 


This   valaable   paper  i 
'pril  last. 


;  given  entire  in  i 


By  SitH. 
^mimber  for 


XIII.  On  the  Apparent  Direction  of  Eyes  in  a  Portrait.  By 
V.  H.  Wollaston,  MD.  FRS.and  VP. 

.  As  it  would  be  impossible  to  convey  a  Batisfactory  knonledge 
if  the  contents  of  this  cuiions  explanation  of  an  intereatlag; 
[Uestion  in  perspective,  without  giving  the  beautiful  engrayiiig!* 
<f  which  it  is  illustrated,  in  whicn  the  skill  of  the  President  of 
e  Royal  Academy  has  been  exerted ;  we  must  refer  such  of  our 
iaders,  as  may  be  particularly  interested  in  the  subject,  to  the 
^ginai  communicatioa :  the  foUowing  extracts,  however,  em- 
mce  the  chief  points  of  inquiry,  and  will  indicate  the  naturs 
f  the  explanation. 

"  When  we  consider  the  precision,  with  which  we  commojoly 
(odge  whether  the  eyes  of  another  person  are  fixed  upon  our- 
lelves,  and  the  immediateness  of  our  perception,  that  even  a 
ttioaientary  glance  is  turned  upon  us,  it  \&  very  surprising  that 
be  grounds  of  so  accurate  a  judgment  are  not  distinctly  known^ 
Bid  that  most  persons,  in  attempting  to  explain  the  subjectk 
rould  overlook  some  of  the  circumstances  by  which  it  will 
ppear  they  are  generally  guided. 

"  Though  it  may  not  be  possible  to  demonstrate,  by  any  de- 
Uive  experiment  on  the  eyes  of  living  persons,  what  those  cir- 
umBtances  are,  still  we  may  hnd  convincing  ai^uments  to  prove 
Eheir  influence,  if  it  can  be  shown,  in  the  case  of  portraits, 
^at  the  same  ready  decision  we  pronounce  on  the  direction  of 
the  eyes  is  founded  in  great  measure  on  the  view  of  parts 
which,  as  far  as  I  can  learn,  have  not  been  considered  as  as- 
in&ting  our  judgment. 

"  Previous  to  a  full  examination  of  this  question,  one  might 
magine  that  the  circular  form  of  the  iris  would  be  a  sufficient 
literion  of  the  direction  in  which  an  eye  is  looking ;  since, 
when  the  living  eye  is  pointed  to  us,  this  part  is  always  cir- 
^ar,  but  cannot  appear  strictly  so,  when  turned  in  such  a 
manner  that  we  view  it  with  any  degree  of  obliquity.  But,  upon 
hrtfaer  consideration,  it  is  evident  that  we  cannot  judge  of 
Bxact  circularity  with  sufficient  precision  for  this  purpose,  even 
yvhen  the  whole  circle  is  fully  seen,  and  in  many  cases  we  see 
lioo  small  a  portion  of  the  circunaference  of  the  iris  to  distinguish 
■rhether  it  is  circular  or  elliptic. 

'  Moreover,  in  a  portrait,  although  the  iris  be  drawn  most 

"uly  circular,  and  consequently  will  appear  so  when  we  have  a 

irect  view  of  it ;  still,  in  all  oblique  positions,  it  must  be  seen  as 

an  ellipse.     And  yet  the  eye,  aa  is  well  known,  apparently  con- 

(initeB  to  look  at  the  spectator,  even  when  be  moves  to  vi^w 
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£tkem  very  obliquely^  and  sees  them  of  a  form  most  decidedly 
elliptic. 

"  The  reason  why  the  eyes  of  a  portrait  seem  to  foHow  us 
will  be  hereafter  considered,  but  cannot  be  rightly -explainQc)) 
\intil  the  circumstances  on  which  apparent  direction  in  tne  front 
view  depends,  are  fully  understood. 

^^  If  we  examine  with  attention  the  eyes  of  a  person  opposite 
to  us,  looking  horizontally  within  about  twenty  de^ees  on 
either  side  of  us,  we  find  that  the  most  perceptible  variation  in  the 
appearance  of  his  eyes,  in  consequence  of  their  lateral  motion^ 
is  an  increase  and  decrease  of  the  white  parts  at  the  angles  of 
each  eye,  dependent  on  their  being  turned  to  or  from  the  nose. 

'^  In  the  central  position  of  an  eye,  the  two  portions  of  white 
ai^  nearly  equal.  By  this  equality,  we  are  able  to  decide  that 
a  periBon  is  looking  neither  to  his  right  nor  to  his  left,  but 
straight  forward  in  the  direction  of  his  nose^  as  index  of  the 
-general  position  of  his  face. 

•  •  f'  If,  on  the  contrary,  he  turn  his  eyes  to  one  side,  we  are  im- 
«aedlately  made  sensible  of  the  change  by  a  diminution  of  the 
^frMte  t^f'  the  eye  on  that  side  to  which  they  turn ;  and  by  this 
test,  al6ne  we  are  able  to  estimate  in  what  degree  they  deviate 
•indirection  from  the  face  to  which  they  belong. 

/^  But  their  direction  with  reference  to  ourselves  is  perfecfly 
didl^ct  firom  the  former ;  and  in  judging  of  this,  it  seems  pro- 
bable "that,'  even  in  viewing  real  eyes,  we  are  not  guided-  by 
■the  eyes  alone,  but  are  unconsciously  aided  by  the  concuffe^ft 
positfdn  py  the  entire  face;  for  in  a  portrait,  the  effect  of' ^tBis 
ihrther  conditioii  admits  of  being  proved  by  a  disti&ot^"6d4-' 
^cifei ve  Experiment.  *       '*'  -^ 

•  /*  If  ^  pair  of  eyes  be  drawn  with  correctness,  looking  bit-  thfe 

Sectator^  at  such  moderate  deviation  from  the  general-^osSfion 
thk  fai6e  as  is  usual  in  the  best  portraits,  umess  TOrn^  toueh- 
hh  arfded  to  Suggest  the  turn  of  face,  the  direction  of  the  i^es 
6^'ebis  vague,  and  so  uiidet^rmined,  that  theit  directityfr  wM^ 
irijt'appear  the  same  to  all  persons  •  and  to  the  same  pe^seA 
tli6y  iday  be  made  appear  directed  either  to  him  6r  from  liilA 
by  the'  addition  of  other  features  strongly  marking  that  e»B4n- 
tial  circumstance — ^the  position  of  the  face/*  '■-  "'*  1^- 

Dr.  Wbllaston  then  proceeds  to  explain  the  illustrative 
engravings  already  mentioned,  which  completely  estaMisk  li4s 
pb^itions,  and  gives  the  subjoined  remarks  oh  a  coUateral'sttb^ 
ject  at  the  conclusion  of  the  paper.  ;■://. 

*^  With  this  previous  knowledge  of  the  influence  whi6h  -the 
general  perspective  of  the  face  in  a  portrait  has  upon  the  apparent 
direction  of^the  eyes,  we  shall  be  prepared  to  examine  why,  if 
tiiey  look  at  the  spectator  when  he  stands  in  front  of  the  picture, 
tfaey  foUew>  Bad  appear  to  look  at  him  in  every  other  direction* 


^ 
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"  If  we  coDsider  the  effect  produced  by  our  change  of  position 
with  reference  to  any.  other  perspective  drawing,  we  find  a 
aimilar  permanence  of  apparent  position  of  the  objects  repre- 
sented with  respect  to  ourselves,  and  corresponding  change  of 
direction  with  reference  to  the  plane  of  representation,  or  to 
the  room  in  which  it  hangs ;  and  we  shall  be  able,  in  this  case, 
distinctly  to  trace  its  origin  in  the  simplest  principles  of  per- 
Bpeciive  drawing, 

"  When  two  objects  are  seen  on  the  ground  at  different  dis- 
tances from  us  in  the  same  direction,  one  will  appear,  and  must 
be  represented,  exactly  above  the  other.  The  line  joining  them 
1s  an  upright  line  on  the  plane  of  tlie  picture,  and  represents  a 
vertical  plane  passing  through  the  eye  and  these  objects.  When 
objects  that  are  at  different  elevations,  are  said  to  be  in  a  line 
with  us,  the  strict  meaning  is,  that  they  are  so  placed  Ihnt  4 
vertical  plane  from  the  eye  would  pass  through  them.  Now, 
since  the  uptight  line  (drawn  or  supposed  to  be  drawn  on  the 
plane  of  the  picture,  and  representing  a  vertical  plane)  will  be 
seen  upright,  however  far  we  move  to  one  side,  and  will  con- 
tinue to  represent  a  vertical  planCj  it  follows  that  the  same  set 
of  objects,  even  in  the  most  obhque  direction  in  which  the  re- 
presentation can  be  viewed,  are  still  in  the  same  vertical  plane, 
and  consequently  will  seem  still  to  be  in  a  line  with  us,  exactly 
as  in  the  front  view;  seeming,  as  we  move,  to  turn  round  witn 
us,  from  their  first  direction,  toward  any  oblique  position  that 
we  may  choose  to  assume. 

"  In  portraits,  the  phfenomena  of  direction  with  reference  to  the 
spectator,  and  corresponding  change  of  apparent  position  in 
space  when  be  moves  to  either  side,  depend  precisely 
on  the  same  principles.  A  nose  drawn  directly  in  front 
with  its  central  line  upright,  continues  direcfed  to  the  spectator, 
though  viewed  obliquely.  Or,  if  the  right  side  of  the  nose  is 
represented,  it  most  appear  directed  to  the  right  of  the  spec- 
t*tor  in  all  situations^  and  eyes  that  turn  in  a  due  degree  from 
that  direction  towards  the  spectator,  so  as  to  look  at  him  whea 
viewed  in  front,  will  continue  to  do  so  when  viewed  obliquely.  ■ 

XIV,  Further  Particulars  of  a  Case  of'  Pneumato-Tkorai 
By  John  Davy,  MD.  FRS. 

A  brief  abstract  of  this  communication  will  be  found  in  the 
Amials  for  May  1824,  p.  383. 

XV".  Oh  the  Aclinti  nfjinely   divided  Plalinmn  on   Gaseoia 
Hutitres,  ^'c.     By  Dr.  Henry, 
^Given  at  large  in  our  last  number. 
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Article  XII. 
Proceedings  of  Philoiophieal  Societies. 

i'  '  BOYAL  SOCIETY. 

' 'fl«BC  2. — A  paper  was  read,  entitled,  "  Microscopical  Obsep- 
■vations  on  the  Materials  of  the  Brain,  Ova,   and  Testicular 
Secretions  of  Animals,  to  show  the  Analogy  that  exists  between 
them  J  by  Sir  Everard  Home,  Bart.  VPRS." 
June  9. — The  following  papers  were  read : 
Description  of  a  Method  of  determining  the  Direction  oi"  the     ' 
Meridian ;  by  John  Pond,  Esq.  FRS.  Astronomer  Royal- 
Further  Researches  on  the  Preservation  of  Metals  by  Electro- 
chemical Combinations  ;  by  Sir  Humphry  Davy,  Bart.  PRS. 

In  this  paper  Sir  H.  Davy  enters  into  a  minute  detail  of  the 
causes  which  operate  in  producing  foulness,  as  it  is  called,  or 
the  adhesion  of  weeds  and  shell  fish  to  the  copper  of  ships. 
This  he  attributes  to  a  crust  of  carbonate  and  submuriate  of 
copper,  and  carbonate  of  iime  and  magnesia,  which  gradually 
fix  upon  the  sheathing,  and  which  by  rendering  the  copper  in  the 
surrounding  parts  positive,  occasions  its  corrosion,  so  that  ships 
are  sometimes  found,  in  the  common  course  of  wear,  foul  m 
some  partG,  and  the  copper  worn  in  holes  in  other  parts. 

He  conceives  that  proper  protection,  if  not  in  excess,  by  pro- 
ducing a  similarity  of  electrical  state  or  of  disposition  to  chemical 
change  in  every  part  of  the  copper,  will  prevent  the  rapidity  of 
its  wear  without  giving  it  any  disposition  to  foulness ;  but  if  iron 
or  zinc  are  used  in  such  quantities  as  to  save  all  the  copper,  thea 
they  will  increase  the  disposition  of  that  metal  to  become 
covered  with  weeds  and  shell  fish,  except  in  cases  of  n^id 
motion,  such  as  in  steam  boats,  where  the  chemical  action  of  sea 
water  upon  copper  may  be  entirely  prevented  without  the  poBsi- 
bility  01  the  copper  becoming  foul. 

The  President  describes  a  number  of  cxperimeata  which  show 
that  the  most  rapid  motion  does  not  interfere  with  the  principle 
of  protection.  He  describes  the  relations  of  this  property  of 
electrochemical  agency  to  the  conducting  powers  of  metals  and 
of  fluid  conductors ;  and  he  shows  that  a  certain  contact  with 
fluid  conductors,  even  upon  a  small  scale,  is  sufficient  to  enable 
oxidable  metals  to  preserve  more  difficultly  oxidable  metals ;  and 
that  slight  chemical  changes  are  sufficient  for  the  effect.  Jfon 
in  a  solution  of  brine  which  contains  no  air  is  very  slowly  acted 
upon,  and  yet  iron  in  brine  in  one  cup  will  preserve  copper  in 
sea  water  m  another  cup,  provided  they  are  connected  by  a 
moist  thread  of  c9tton.  He  points  out  the  hmits  to  this  kina  of 
action,  ftnd  illustrates  it  by  a  very  curious  experiment.    If  of  two 
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I'VHseU  containing  salt  and  water  connected  by  moist  cotton,  and 

tming  an  electrochemical  series  by  means  of  zinc  and  iion,  a 
_  T  drops  of  solution  of  potash  or  soda  be  poured  into  that  con- 
~  ining  the  iron,  the  action  of  the  iron  on  the  sea  water  will  be 
minished ;  but  the  copper, will  still  be  protected:  but  if  the 
solution  containing  the  iron  be  made  alkaline  to  any  extent,  the 
copper  will  be^in  to  corrode,  and  the  iron  will  become  the  eleotro- 

Sir  Humphry  ends  this  paper  by  the  important  practical  con- 
clusion, that  copper  may  be  preserved  by  nails,  or  masses  of 
line  or  .iron  placed  under  the  sheathing ;  and  that  in  this  way 
there  is  less  loss  of  the  oxidable  metal,  which  is  partly  revived 
itpon  the  interior  of  the  copper,  so  that  the  same  metal  wilL  act 
for  a  long  time,  and  thus  protectors  may  be  apphed  to  save  the 
whole  or  any  portion  of  the  copper  without  interfering  with  the 
external  surface  of  it,  and  without  the  deposition  of  any  matter 
lijtely  to  cause  adhesion. 

June  16. — MM.  Bessel,  Encke^  Fresnel,  and  Erongniart,  and 
Count  Chaptal,  were  elected  Foreign  Member^;  CM.  Clarke, 
Esq.  was  admitted  a  Fellow  of  the  Society;  and  portions  of  the 
following  papers  were  read  : — 

On  some  new  Compounds  of  Carbon  and  Hydrogen,  and  on 
certain  other  Products  obtained  during  the  Decomposition  of 
Oa  by  Heat;  by  M.  Faraday,  FRS. 

'Account  of  the  Repetition  of  M.  Arago's  Esperimenta  On  the 
Ma^etism  developed  in  various  Substances  during  the  Act  of 
Rotetion ;  by  C.  Babbage,  Esq.  FRS.  and  J.  F.  W.  Herschel, 
E5q:Sec.  RS. 

Experiments  on  Magnetism  produced  by  Rotation ;  by  S.  H. 
Christie.Esq.  MA.  FRS. 

On  the  Annual  Variation  of  some  of  the  principal  fixed  St^&j 
by  John  Pond,  Esq.  FRS. 

Description  of  an  improved  Hygrometer ;  by  Mr,  T,  Jones  : 
CPmmnnicated  by  Capt.  Kater,  FRS. 

On  the  Nature  of  the  Fanctioa  of  Mortality,  and  on  a  new 
Mode  of  determining  the  Value  of  Life  Contingencies ;  bu 
BetoaiDin  Gompertz,  Esq.  FRS.  - 

the  Society  then  adjourned  to  the  17th  of  November  next. 

'    ■  LIXNEAN    SOCIETY. 

'March  1.5. — "Read  a  paper  from  R.  A.  Salisbu^,  Esq. 
FRS.  FliS.  &cc.  on  the  Trkhnmanes  elegaiis  of  Mr.  Rudges 
PiaHtdi  Guianez.  It  appears  that  M,  Bory  de  St.  Vincen^  as- 
serttCtU  the  6th  vol.  oi  the  Tiictionnaire  Claxsique  d'Histoire 
HatvrtHh,  under  the  article  Fougere,  that  Mr.  Rudge'a  plant 
t,  35;  «■  composed  of  two  species  of  diiTerant  genera,  one  of 
whick  Mr.  Bory  proposes  as  a  i'eea,  and  the  other,  as  coasUi*, 
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tuting  a  new  genos^  under  the  name  of  HymehosidcKys.  Mr. 
Salisbury,  however,  insists,  that  M.  Bory's  assertions  lire  devoid 
of  any  mundation,  and  he  attributes  his  criticismB  to  'anf*i^n6- 
rance  of  the  Latin  language.  In  confirmation  of  this '  bpimon. 
Mr.  S.  exhibited  the  specimen  itself  from  which  the  figure^-httd 
been  drawn,  that  he  might  afford  ocular  demonstration  that  it 
consisted  of  one  individual. 

'*  To  corroborate  this  opinion,  he  adduces  the  testiirtOw  of 
Professor  Hooker,  who,  in  his  62d  plate  of  his  Exotic  Pfyi^ 
refers  to  Mr.  Rudge's  figure,  and  gives  a  coloured  one'^'R 
elegans,  the  involucrum  of  which  contained  ripe  capsules.    '  '^=- 

*'  The  question  bein?  a  matter  of  reference  to  the  Society^;' ffie 
Vice  President  named  Mr.  Edward  Forster,  Mr.  Bicheno,  iitfd 
Mr.  Menzies,  to  investigate  the  matter,  and  report  thereon^  ih 
pursuance  of  a  bye-law  of  the  Society.'*  • '  ' 

April  5. — A  valuable  present  of  stuffed  birds  and  fisheft  Was 
received  from  Capt.  King,  collected  by  him  in  his  kite  e*p(fedi- 
tion  to  explore  the  north-west  coast  of  New  Holland. 
•  '^  The  committee  appointed  at  the  preceding  meeting  made 
their  report  relative  to  Mr.  Salisbury's  paper  on  TrichomatH^ 
elegans ;  and  stated  that  the  plant  was  represented  to  have  beeii 
gathered  in  Guiana,  by  M.  Martin,  and  to  have  been  puttihasbd 
by  Mr.  Rudge.  It  belongs  to  the  genus  Trichomanes  of  Smithu 
M.  Bor^  asserts  that  the  spike  described  as  the  mature  fmctifr- 
cation,  is  of  a  totally  different  structure  from  the  others>  which 
are  regarded  as  immature.  It  appears  that  Hooker  did  n^ 
doubt  the  fidelity  of  Mr.  Rudge's  plant,  though  his  own  firape 
supports  M.  Bory's  opinion,  inasmuch  as  the  fronds  there  deli- 
neated differ  from  those  in  Mr.  Rudge's  figure. 

M.  Poiret  has  described,  and  M.  Desveaux  has  both  described 
and  figured,  the  plant  which  corresponds  with  the  finictificatiim 
supposed  to  be  mature.  Weber  and  Mohr  have  also  the  weime 
species. 

In  the  Banksian  and  Mr.  Brown's  collection,  were  Toiind 
several  specimens  of  each  of  the  two  plants,  alleged  by  ^^ 
French  author  to  be  confounded  in  all  stages  of  fructificatStofi; 
In  every  instance  the  Committee  found  the  barren  frOnd  *()( 
Mr.  Ruage's  specimen  combined  with  the  fructification  wUi^ 
he  calls  the  young ;  and  as  constantly  the  frond^  figured  by 
Hooker,  with  the  spike  which  is  said  to  be  mature.  '  '^-^ 

.  The  specimen  itself  was  also  subject  to  their  inspection';  litad 
upon  a  minute  examination  of  it,  tney  were  satisfied  that  it  ^^ 
composed  of  two  individuals.  Thev  therefore  reported  that  M. 
Bory  appeared  to  them  to  be  justified  in  hid  "  cohtltteMhB 
It  was  added,  that  they  thought  it  but  justice  to  Mr.  B^i^n'^'td^ 
aay,  that  Mr.  Salisbury  was  correct  in  stating  that- M.-Bd^ 
liBd  £Ulea  into  the  error  of  making  Mr.  Brown- ^dM^  WiHi$^ 


;f_.^)i ,       Astronomical  Society,  W 

atrar^ement  of  the  Ferns,  wheieas  Mr.  Brown's  work 
ladeit*  appearance  in  the  lame  spring,  but  before  WiUdenow's, 

JDd  his  arrangement  is  materially  aifferent." 

.-A  farther  portion  of  Dr.  Hamilton's  Commentary  on  the 
ird  part  of  the  Hortus  Malabar Icus  was  also  read. 

ASTRONOMICAL    SOCIETY. 

^Maif  13, — ^The  reading  of  Mr.  Henry  Atkinson's  elaborate 
junmunication  on  the  subject  of  Refraction  was  concluded. 
^  Jlp  the  course  of  this  paper  the  author  has  collected  and  ar- 
ranged a  great  vaiiety  of  meteorological  observationis,  made  in 
di£€rent  seasons,  and  at  different  parts  of  the  world,  for  the 
purpose  of  enabhug  him  to  ascertain  the  mean  temperature  at 
the  equator  and  in  different  latitudes,  as  well  as  the  law  of 
variation  in  the  temperature  of  the  air  at  different  heights 
above  the  level  of  the  sea.  From  these  data  he  has  deduced 
formulfe,  by  the  use  of  which  the  computed  and  observed  mean 
temperatures  in  any  given  place,  or  at  any  given  height,  ap- 
pear to  agree  in  a  remarkable  manner.  His  next  inquiry  is, 
IO,a&certain  the  law  by  which  the  height  and  the  elasticity  ef 
the  air  is  connected;  and  also  the  relation  between  the  e/asft- 
citjf, a.ud  density  at  any  given  height.  These  inquiries  are 
guided  by  observations  and  experiments  that  have  been  made 
ai]4  published  by  men  of  eminence  in  this  department  of 
science.  The  reasoning  and  deductions  are  founded  on  ac- 
knowledged facts ;  and  hypothesi  s  furnishes  no  part  of  the  data 
from  which  the  tables,  founded  on  these  investigations,  are 
cOfBputed.  Astronomical  observations  supply  no  portion  of  the 
materials  which  form  the  basis  of  the  computations,  but  all 
the  results  are  obtained  by  forraulES  depending  on  optical  prin- 
ciples; so  that  the  near  agreement  of  the  quantities  contained 
in  these  tables  (when  properly  collected)  with  those  given  by 
the  most  approved  modern  tables  of  refraction  proves  that  the 
various  formulee  by  which  these  <juantities  were  obtained  are 
founded  in  nature,  as  well  as  happdy  applied.  The  atmosphere 
ia  divided  into  a  variety  of  strata,  and  each  stratum  has  its 
appropriate  formula  for  determining  its  share  of  mean  refraction; 
anil  wnen  the  different  portions  belonging  to  the  different  strata 
are  put  together  in  succession,  they  constitute  such  an  ar 
rangement  of  quantities  as  proceed  by  a  regular  gradation,  pr 
very  nearly  so ;  and  nothing  but  a  close  examination  of  the 
difierences  can  detect  that  the  Ivhole  succession  has  not  de- 
pended on  one  continued  formula.  Besides  the  atip.ospheric 
refractions  adapted  as  corrections  for  celestial  observations, 
the  author  has  applied  one  of  his  formulEe  successfully  to  de- 
termine the  terrestrial  refraction  as  it  has  reference  to  two 
objects  staudincr  iu  ditferent  elevations :  so  Oiat  -wVie^SYftt  'Otivs. 
laemoirbe  considered  as  a  iitcteorological,  geoieVVcaV,  Qt  aaUo- 
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nomical  communication,  it  cannot  but  be  regarded  aa  copious, 

elaborate,  aud  interesting. 

There  was  also  laid  before  the  meeting  an  account  of  obser- 
vations made  at  Paramatta,  in  New  South  Wales,  by  Rlajpr- 
Gen.  Sir  Thomas  Briabaue,  KCB.  Governor,  Bee.;  communi- 
cated in  a  letter  to  Francis  Bailey,  Esq.  President  of  this 
Society.  These  refer  to  the  solar  eclipse  on  January  ],  1824; 
to  several  occultationa  of  fixed  stare  by  the  Moon  j  to  stars 
observed  with  the  Moon  near  her  parallel;  to  observations 
before  and  after  the  superior  conjunction  of  Venus  with  the 
Sun,  Jaly  and  August  1H24;  to  observations  on  the  planet 
Uranus  near  the  opposition  ia  July  1824;  and  to  observations 
on  two  comets,  one  of  which  was  not  observed  in  Europe. 

Next  there  was  read  a  report  On  the  Properties  and  Powers 
of  an  Altitude  and  AziraUth  Circle  constructed  by  Ei  Trougfa- 
toDj  and  divided  by  T.  Jones ;  drawn  up  by  the  Rev.  W.  tearaon, 
LLD.  FRS.  and  Treasurer  to  this  Society.  The  peculiarities 
of  the  construction  of  this  fine  instrument  cannot  be  adeq^uately 
desctibed  in  an  abstract.  But  some  estimate  may  be  obsei-ved 
of  Us  accuracy  from  stating,  that  by  comparing  the  mean  latitude 
of  South  Kilworth  Rectory  (Leicestershire)  with  each  and  all  of 
tixleeit  separate  determinations,  it  does  not  differ  more.tlmn  one 
second  and  one-tenth  from  the  extreme  latitude;  that  ttjetme 
obliq^uity  of  the  ecliptic  at  the  December  solstice  1824,  as.  de- 
tetrainea  by  this  instrument,  was  23°  27'  44",01 ;  while  the 
mean  of  the  determinations  of  Delambre,  Brinkley,  and  Besgel, 
is  23°  2,7'  44",55.  Observations  on  the  pole-star,  and  anothet- 
determination  of  the  obliquity  of  the  ecliptic,  by  a  method  sug- 
gested by  Dr.  Brinkley,  serve  still  further  to  confirm  the  charac- 
ter of  the  inatrument  for  accuracy,  and  the  value  of  such  an 
inBtruraent  when  used  by  a  skilful,  scientitlc,  and.experietiMd 
observer.  ,  ,   ,  _ 

The  reading  was  commenced  of  a  paper  On  the  Con^tructioh 
and  Use  of  some  new  Tables  for  determining  the  apparent  fioep 
(rf  about  3000  principal  fixed  Stars  ;  drawn  up,  at  the  request  of 
the  Council,  by  the  President.  ;  .;" 

Jujie  10. — The  reading  of  Mr.  F.  Baily's  introduction  to  ilpe 
new  Tables  for  determinmg  the  apparent  places  of  3000  Hxid 
star^  was  resumed  and  completed.  This  copious  introduction 
commences  with  a  historic  sketch  of  the  most  important  tables 
which  have  hitherto  been  published  for  similar  purposes  ;  npne 
of  which,  however,  are  so  extensive  as  the  tables  to  whicdi  the 
present  paper  is  introductorj'.  They  comprehend,  first,  aUatars 
above  the_^yi!A  magnitude  wherever  situated  ;  secondly,  all  the 
stars,  not  less  than  the  fixtk  magnitude,  situated  withip  30"  of 
the  equator;  thirdly,  all  the  stars,  not  less  than  the  severii/i 
magnitude,  situated  within  10°  of  theec/ipd'c 

After  a  few  genertdobfiervatioas,  Mi.  Gaily  s^eoks  in  aucces- 
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aion  of  the  drstinct  topics  of  aberration,  annvat  precession,  and 
tmtalion ;  exhibiting  the  analytical  formuias  which  have  been 
proposed  for  the  computation  of  their  respective  values  at  any 
tiraej  past,  present,  or  future;  assigning  the  reasons  for  the 
adoption  of  those  values  of  the  constants  which  he  has  preferred  ; 
and  So  transforming  the  several  formulK,  as  to  facilitate  and 
efftct  their  reduction  into  one  class  of  comparative  simpUcity, 
which  forms  the  basis  of  the  tables  themselves.  Thus  the  total 
eorrfrctiong  for  right  ascension  and  declination  respectivelyi 
asGume  the  forms 

it 
^l  AS  =  Ao'+  B6'+  Cc'+  D(i'  ' 

ft-fcere  the  quantities  denoted  by  a,  ft,  c,  d,  and  the  accentuated 
a',  y,  (f.  A',  are  constant  for  each  star,  while  the  tjuantities  A, 
B,  C,  D,  are  common  to  every  star.  The  quantibes  A,  B,  are 
rendered  equally  constant  for  all  the  stars  by  the  assumption  of 
a  fictitious  year,  commencing  at  that  moment  when  the  Sun'a 
itteari  longitude  at  Greenwich  at  mean  noon  on  Jan.  1,  is  281°  J 
"^"ich  is,  therefore,  assumed  as  the  tabular  date,  and  the  mode 
adopting  it  to  the  current  date  is  explained, 
rhe  author  then  explains  the  arrangement  and  use  of  the 
lies.  The  general  catalogue  of  the  stars  is  arranged  in  the 
order  of  the  right  ascensions,  and  reduced  to  Jan.  1,1830.  The 
left  hand  page  is  confined  to  the  right  ascensions,  the  ri§ht  hand 
page  to  the  declinations.  Col.  1,  on  the  left  hand,  exhibits  the 
numbers  of  the  stars.  Col.  2,  the  names;  to  which  are  prefixed 
Flamstead's  numbers,  and  the  letters  of  the  alphabet,  by  which 
they  are  usually  distinguished.  Col.  3,  denotes  the  magnitudes 
ofthestars.  CoL  4,  AR  iwdme,  for  Jan.  1, 1830.  Col.  5,  the 
annual  precession  in  time.  The  remaining  columns  contain  the 
logs,  of  a,  b,  c,d,  each  previously  divided  by  16  to  reduce  them 
to  time. 
KJp  the  right  hand  page,  Col.  1  is  the  same  as  Col.  1  on  the 
band.  Col.  2,  exhibits  the  declinations  of  the  stars,  Jan.  1, 
10,  Col.  3,  annual  precession.  Cols.  4, 5,  6,  7,  the  values  of 
'6',  e',  d'.  Then  there  are  two  columns  headed  B  and  P,  de- 
;  the  corresponding  numbers  in  the  catalogues  of  Bessel 
'iazzi  respectively;  while  the  last  column  is  reserved  for 
,e  which  are  to  be  found  in  Hevelius,  Lacaille,  Mayer, 
;h.  Sec. 

rirtre  are  several  subsidiary  tables  which  Mr.  Baily  also 
letnctly  explains ;  and  he  further  developes  the  principles  of 
i^i^ction  for  proper  motion,  &c.  when  necessary. 
'"'Tfae  general  rule  for  the  use  of  the  tables  is  this ;  viz.  Take 
out  from  the  general  catalogue,  and  opposite  the  given  star,  the 
"       'ittlHMOf'g,  ft,  c,'dftxida',f/,  c',  ff,  with  their  proper  sienai 
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i^nd^from  the  subsidiaiy  Tablea  Land  IL  opposite  the  given  day^ 
ihe  logs,  of  A,  B^  C^  D^  with  their  proper  signs;  which  mast  be 
written  down  under  the  preceding  logarithms:  then  add  each 
pair  Ay  a;  B,b',  &c«  together;  and.  take  out  respectively  the  natu- 
ral numbers  corresponding  to  the. sum  ot  the  two  logarithms  ; 
and  observing  that  the  signs  only  affect  the  resulting  natural 
numbers,  incorporate  them  by  addition  or  subtraction  accord- 
ingpLy ;  the  amouiKt  will  be  the  total  correction  required ;  that 
^ismg  from»a^  b,  iC,  d,  being,  the  correction  in  AR ;  that^from 
a%  V.^:djd\  the  correction  in  Declination.  '    ,      u.;..  - 

The  tables  are  airanged  to  mtan  solar  time,  whichy  k  is 
presumed^  will-.extend  their  utilky.  And  it  may  be  observed, 
that^by  way  of  artijidal  memory  to  facilitate  the  recollection  of 
the  precise  subject  to  which  each  column  ireiers  (as  in  B  for 
Bessel^  P  for..Piazza,<  already  menlioned>,  Mr.  Baily^  has  made 
A  B  represent  the  (j^uantity  by  which  the  A  B  erraitau  is  deter- 
mined, C  the  quantity  by  which  the  pre  C  ession  is  determined, 
und.D  that  by. which  the  D  evialion  otNutationis  deteaxineS. 
These  contrivances,  though  avowedly  subordinate,  will  not  be 
de^pisedvby  those  who  know  how  much  the.  pursuits  o/*^scie^ce 
or^  at' alt  times  promoted  by  the  introduction  of  aliaptry  techni- 
cal  mneitaoincs.  '.!/ 

;iifl^i'jh(^  reajd       of  this  elaborate  and  interesting  pap^if;  the 
Sbctety  adEjdurried  to  Friday  the  11th  of  November  next. 
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Article  XIII. 
SCIENTIFIC  NOTICES. 
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Chemisthy, 

..    1.  Preparation  of  pure  Potoih. 

:  Mr.  Dohovto  pn^oses  the  following  as  a  more  eaay  method 
of-bbtainiug  pure  potash  than  the  methods  commonly  employed; 
'  The  ctystallized  bicarbonate  of  potash  of  the  shops  as  to  be 
purifii^  'by  dissolving  it  in  water  at  the  temperature  of  100^ 
The. saturated' solution  must  be  filtered  and  poured  into  4'ihit 
dish,.«ndi  placed  before  the  fire ;  in  a  few  hours  a  crop  of  ctyik 
talfi  ^of  the  pure  bicarbonate  will  be  obtained.  The  (^ystak  m#^ 
then  beirinced  with  a  very  small  quantity  of  water,  and 'dried/Ofii 
blotting^ paper.  ;»,..;.;.     v,  .?.,  ■•7. 

:  Theierystals  are  now  to  be  dissolved  in  water,  and  boiledMHtb 
their  own  weight  of  hydrate  of  lime  for  il&  mmtites ;  tlKe  sedation 
is  then  to  be  nltered  in  the  usual  manner ."^^    We  have  thus  at 

*  In  our  next  we  ihaU  give  •  defcHptioB  of  tlie.sim|)]e  but;  ingeDioui  apparatus 
..jBfVDted  hy  iSr.  Doitotan  for  fiUering  voliifions  out  Of  contact  WMi  ul^  tooaiOierc.^ 
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kQce  a  solution  of  pure  potash,  without  the  additional  trouble  of 
praftoration  and  solution  in  alcohol ;  and  we  obviate  the  recou- 
iBTsiaii  of  the  alkali  into  carbonnte,  which  always  happens  dur- 
iig  the  evaporation  in  the  caminou  process,  unless  the  tedious 
jDcL  troublesome  method  of  evapiorating  without  contact  of  the 
tbnosphere  be  adopted,  in  which  case  silver  vessels  become 
bcoessary. 

kf  As  a  test  to  ascertain  whether  or  not  a  solution  of  potash  be 
■Bifectly  caustic,  chemists  make  use  of  a  dilute  acid  ;  but  this 
nethod  gives  no  iuformation  unless  the  acid  be  added  in  excess. 
%  mtall  quantity  will  only  displace  tJie  carbonic  acid  from  one 
hfffBtoa  of  potash  ;  but  the  remaining  portion  will  unite  with  the 
Berated,  acid  so  as  to  prevent  any  appearance  of  effervescence. 
|pds  au  alkali  that  is  in  fact  partly  carbonated  will  not  be 
Ip^tcd  apparently  by  the  aH'usion  of  a  small  quantity  of  a  test 
bad.' — ^Duohn  Philosophical  Journal.) 

^^Account  of  Mr.  Dalian's  Proeessfor  deteraiirtmg  the  Value  of 
B.1  ..,    !,■  Indigo. 

Rlii  order  to  find  the  value  of  any  sample  of  indigo,  Mr.Dalton 
inrects  ns  to  take  one  grain  carefully  weighed  from  a  mass  finely 
Halverised.  Put  this  into  a  wine  glass,  and  drop  two  or  three 
pains  of  concentrated  sulphuric  acid  upon  it.  Having  triturate 
nem  well,  pour  in  water,  and  transfer  the  coloured  liquid  into  a 
kit  cylindrical  jar,  about  one  inch  inside  diameter.  When  the 
■dxtureis  diluted  vpith  water,  so  as  to  show  the  flame  of  a  candle 
Ihrough  it,  mix  the  liquid  solution  of  oxymuriate  of  lime  with  it, 
■pitating  it  slowly,  and  never  putting  any  more  in  till  the  smelt 
H  the  preceding  portion  has  vanished.  'Ine  liquid  soon  becomes 
nnsporent,  and  of  a  beautiful  greenish  yellow  appearance. 
■fter  the  dross  has  subsided,  the  clear  liquid  may  be  passed  off, 
End  a  little  more  water  put  into  the  sediment,  with  a  few  drops 
Kibxymuriate  of  lime,  and  a  drop  of  dilute  sulphuric  acid  ;  if 
■ere  yellow  liquid  is  produced,  it  arises  from  particles  of  indigo 
piiaK  have  escaped  the  action  of  the  oxymuriate  before,  and 
kttst  be  added  to  the  rest.  The  -value  of  the  indigo  Mr.  Dalton 
nisiders  to  be  in  proportion  to  the  quantity  of  real  oxymuriate 
K^lime  necessary  to  destroy  its  colour.  He  is  of  opinion  also 
llfet  the  value  may  be  welt  estimated  by  the  quantity  and  inten- 
■y  of  the  amber-coloured  liquid  which  the  indigo  produces, 
nich  is  found  independently  of  any  valuation  of  the  oxymuriate 
■iiitte^  The  foUowine  results  cbtained  with  several  samples 
pomtt»  great  value  oi  this  method. 

p  *""■'    ^'  Oiymurimte  ofUme  used  lo 

lj^^Jj;^;;P¥^ftij>itated  and  sublimed  ifldigo,.  140  %m^iiv  ^'bSlJH 
^  flora  indigo , 70  i^^l 
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Another  sample 70  grains 

Two  other  indigos 90 

Two  other  saniplea 50 

Another  sample 40 

Another  sample 30  Or  38 

Mr,  DaSton  is  of  opinion  that  to  destroy  indigo  by  oxynmriatic 
acid,  twice  the  quantity  of  oxygen  ia  necessary  that  is  required 
to  revive  it  from  the  lime  solution.  See  Manchater  Memmn^ 
Hew  Series,  vol.  iv.  p.  437,  438,  439.— <Edin.  Jour,  of  SJeiensa^ 

■'i'  ■ 
Mineralogy.  i   ,,■)  tf-^ 

Z.  Oh  the  Geological  Situation  of  the  Beryl,  diseomrid  H  1m 
County  of  Down.    By  Sir  Charles  Giesecke.  'f^ 

This  substance,  Which  had  been  diacovered  some  years  ako 
in  the  county  of  Wicklow,  in  Ireland,  in  a  coarse  granular  gi*> 
nite,  has  also  been  found  lately  in  the  county  of  Down,  between 
Kilkeelb  and  Newcastle,  fifteen  miles  from  Rostrevor,  where  it 
occurs  in  a  coarse  granular  granite,  which  is  more  or  less  decorir- 
poeed.  It  isvery  remarkable  that  this  granite  bears  an  extraor- 
dinary resemblance  to  the  granite  of  Aaontschelon,  in  Daurfl^ 
in  which  the  beryls  are  found  there.  It  is  of  a  perfect  crystal- 
jiap  structure,  all  its  constituent  parts  presenting  more  or  Ifiss 
|»erfect  crystals.  Those  of  rock  crystal  are  the  mqst  distinct^ 
^d  are  generally  of  a  brown  colour,  of  different  shades.  "Ilw 
felspar  is  generally  of  a  milk-white  and  yellowish-white,  selddm 
of  an  ochre-yellow  colour.  Mica  occurs  only  iu  small  silver* 
Tvhite  and  greyish-white  particles,  and  is  wanting  entirely  in 
some  parts  of  the  rocks,  particularly  where  the  beryl  is  fouodJa 
veins.  The  beryl  itself  occurs  inapartoftheMornemountainSi 
about  three  miles  from  the  shore,  partly  in  small  veins,  partly 
irregularly  imbedded  in  the  rock,  and  partly  in  detached  and 
broken  crystals  in  the  sand  of  decomposed  granite,  and  in  the 
overlaying  bog  land. 

,  Then  follows  a  description  of  the  beryl  and  its  crystalline 
forois,  which  our  limits  obhge  us  to  quote  very  briefly.  Their 
colour  is  principally  blue,  of  various  shades — sometimes  green, 
and  pale  wine-yellow.  Some  of  the  crystals  present,  on  the 
end  of  their  lateral  edges,  towards  the  terminating  edges,  per- 
fect triangular  delineations  of  a  pearl-white  colour,  which  have 
the  appearance  of  a  previous  truncation  of  the  terminating 
angles,  filled  up  again  by  some  process  of  nature.  The  largest 
crystals  were  from  four  to  five  inches  long,  and  one  inch  in 
diameter.  Tlie  form  of  the  crystals  is  that  of  a  six-sided  prism, 
perfect,  and  variously  truncated. 

The  rock  crystal  which  accompanies  the  beryl  is  of  different 
sliades  of  brown,  seldom  ofa  greyish  white,  atid'jellQwish-white 
coJour. 
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The  common  felspar  occurs  of  a  milk-white,  yellowish-white, 

and  ochre-yellow  colour.     It  exhibits  sometimes  a  faintly  opa- 

-..Jfiscent  play  of  colour  similar  to  that  of  Adularia.     It  is  foumliQ 

■J^vtystalline  fona,  and  in  regular  crystals. — (Dublin  Pbilosophi- 

^Kftl  Journal.) 

^B  4.  Description  of  Levei/ne,a  new  Mineral  Species. 

^Bf  Th«  following  abstract  is  taken  from  Dr.  Brewster's  paper,  in 
^Bklt-  Edinburgh  Journal  of  Science  for  April,  lrj25. 
^K  The  mineral,  of  which  I  propose  to  give  a  brief  description, 
^^bss  kindly  transmitted  to  me  for  examination  about  a  year  ago, 
^Hk  Mr.Heuland.  In  the  memorandum  which  accoiapanied  it, 
^Bilr.  Heuland  stated  that  he  suspected  it  to  be  new,  and  upon 
^Bumining  its  optical  properties,  and  comparing  it  with  those 
^Huiecdls  with  which  it  seemed  to  he  most  close^  aUied,  I  had 
^^Br^oubt  that  it  constituted  a  new  and  interesting  species. 
^^B  TffjJfijnineraJ  occurs  in  the  cavitie3  of  an  amygdaloidal  rbck, 
^^■qtc^  batanypen,  in  Faroe,  and  sometimes  accompanies  the 
^Hlaba^ie  and  analcime,  but  particularly  a  new  variety  of  the 
^^^latylite. 

^^LAw^Pgh  this  mineral  is  evidently  a  compound  one  from  the 
^HtBtUictiiess  of  the  re-entering  angles  ;  yet  this  composition  ia 
^^Ket  8|&n  when  examined  by  polarised  light,  through  the  faces 
^^fe|pehdicular  to  the  axis.  This  circumstance  would  of  itself 
^^Bie  ^ea  sufficient  to  show  that  it  has  only  one  axis  of  double 
^K^Ttjction,  but  1  determined  this  to  be  the  case  by  the  direct  exa- 
^Hpn$tion  of  the  polarised  rings.  Its  double  refraction  is  nega- 
^^Hje,  like  that  of  calcareous  spar,  and  other  obtuse  rhomboids, 
^^UQ  though  not  great,  yet  the  images  may  be  easily  st^parate'd. 
^^K  otdipary  refraction  is  a  little  greater  than  that  of  alitiortd  oil, 
^Hpd  ^ry  nearly  the  same  as  that  of  primitive  chabasie. 
^K'jl  tiare  sent  a  specimen  containing  a  few  minute  crystals  of 
^Huiis  substance  to  M.  Ber^elius  for  analysis ;  but  I  have  not  yet 
^Btoeiye^  the  results  which  he  has  obtained  from  them. 
^^KBjIs  not  soluble  in  acids,  nor  does  it  gelatinise  with  them.  It 
^Hu!L|ens  and  intumesces  with  heat  like  chabasie  and  mesotype, 
^^Buj,^  Up  cording  to  Mr.  Haidinger's  obeervations,  it  yields  with 
^^Krt  '^f  .phosphorus  a  transparent  globule,  which  contains  a 
^^Kglethtl  of  sdica,  and  becomes  opaque  on  cooling. 
^^EjC|E^yag;e,  indistinct.  Fracture  imperfect  conchoidal. 
^^K^DS^e  vitreous.     Colour  white.     Streak  white.     Semitrans- 

^HL^Cfttjlje^    Hardness  =  4'0. 

^^m_i-  propose  to  distinguish  this  species  by  the  name  of  Leveyne, 
^■h^f^qn^iment  to  Mr.  A.  Levy,  M.A.  of  the  University  of  Paid^, 
^^Eh^^s.j^ead/  ir-ell  known  to  mineralogists,  bj  \\vs  ct"j9,\.'ifi'aoj^- 
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phic  acc[uirements,  and  by  his  determination  of  several  new  and 
interesting  mineral  species. — (Edin.  Jour.  Science.) 

%*  We  are  obliged  to  omit  Mr.  Haidinger's  crystallographic 
fibservations  on  L«veyne,  as  they  cannot  be  well  understood 
ivithout  a  figure. — Ed. 

Miscellaneous. 

6.  Astronomical  Prize.  ■<■  '' 

At  Jt  Sitting  of  the  Academy  of  Sciences  of  Paris  on  iifikTSd 
of  May^  the  astronomical  prize  was  unanimously  ajdj^c(gieid,to 
Mr.  Herschel  and  Mr.  South  for  their  observations  of  38Qta6)it>le 
and  triple  stars,  communicated  to  the  Royal  Society  ofX^QCidon, 
.and  by  them  published  in  their  Transactions.  .-<!.  :^ 

6.  Falling  Star  seen  at  Midway. 

On  the  I3th  of  August,  1833,  at  a  quarter-past  eleven  ia  the 
Tcncnoon,  as  I  was  employed  in  measuring  the  zenith  distieiiiip^ 
ofllie  pole-star  to  determine  the  latitude,  a  luminous  body  passed 
(Over  the  field  of  the  universal  instrument  telescope,  thejig^ht  of 
ivhich  was  somewhat  greater  than  that  of  the  pole-siiur.  jt^ 
-appavent  motion  was  from  below  upwards ;  but  as  the  telescope 
MOWS  images  in  an  inverted  position,  its  real  motion,  like  that 
vbf  every  falling  body,  was  from  above  downwards.  It  passed 
over  the  telescope  m  the  space  of  a  second,  or  a  second  and  a 
lialf,  and  its  motion  was  neither  perfectly  equal  nor  rectilinear, 
lut  resembled  very  much  the  unequal  and  somewhat  serpentine 
motion  of  an  ascending  rocket,  from  the  unequal  burning  of  the 
charge,  and  the  irregular  reaction  of  the  stream  of  air  issuing 
from  it  on  the  atmospheric  air.  It  was  thus  evident  that  this 
meteor  moved  in  our  atmosphere,  but  it  must  have  been  at  a 
considerable  height,  since  its  angular  motion  was  so  slow.  This 
is,  perhaps,  the  only  instance  in  which  a  shooting  star  has  been 
seen  at  mid-day  in  clear  sunshine.  Hansteen. — (Edin.  Phil.  Jour.) 

7.  Notice  regarding  Copernicus, 

The  name  of  this  celebrated  astronomer  was  written  Kopper- 
nick ;  he  was  a  canon  and  physician,  and  occupied  himself  in 
dif^eting  buildings.  The  aqueducts  which  he  constructed  at 
Oraudenz,  Thorn,  and  Dantzig,  still  exist.  He  took  24  years  to 
produce  his  famous  astronomical  system,  against  which  the 
thunders  of  the  Vatican  were  hurled  when  the  author  was  dead. 
The  sentence  of  condemnation  was  only  repealed  at  Rome  in 
18*21 ;  Copernicus  died  in  1643.  The  monument  which  Bishop 
Kromer  erected  to  him  in  the  cathedral  of  Frauenbourg  ho  lon- 
ger exists.  Prussia  claims  Copernicus  as  one  of  her  sons, 
luthough,  at  this  period.  Thorn  did  not  belong  to  the  Prussians. 
.-=^Edm.  Phil.  Jour.) 
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Article  XIV. 
NEW  SCIENTIFIC  BOOKS. 


IVsiels  in  Brazil,  ChiJi,  Peru,  and  the  Sandwich  Iilands,  by  F.  G. 
Matbeion,  Esq. 

The  Mechanic's  Common  Place  Book,  by  Olintbus  Gregory,  LL.D. 
of  t^e  lloyal  Military  Academy,  Woolwich,  1  vol,  8vo.  wiih  nume- 
"      Diagrams. 

inglieh  Flora,  by  Sir  James  E.  Smith,  Pres.  Lin.  Soc     Vol.  S. 
iqoisitiona  on  painted  Greek  Vases,  and  their  Connexion  with  the 
lusinianand  other  Mysteries,  by  J.  Christie. 

AJcooes    Fossilium   Sectilium  Centuria  Prima.      By   C.  G.  Konig,. 
fi^oU  tQlio.     lOi.  coloured;  T^.Gi^.  plain, 

ifc^lements  of  Operative  Midwifery.     JSy  D.  Davis,  MD.     IJlustrated. 
Ji  numerous  Plates,     ito.     2/.  2s. 

^ey   to  Nicholson's  and   Rowbotham's  Algebra.     Is.  6d,  boards.. 

Kfaouod. 

Holbroke  on  Hydrocele-     8vo.    4s.  6d. 
I^A  new  Theory  of  Light.     By  W.  Hunt.     2s.  6d. 
P'Heid's  Introduction  to  Chemistry,     2  vols.  12mo.     15s.  6rf. 
VAiMlicon  the  Cholera  Morbus  of  India.     3s.  6d. 

iriThe  Dictionary  of  Mechanical  Science,  enriched  tvilh  upwards  of 

'~S>  Copper-plates  and  Cuts.     By  Dr.  Jamieson,     Parti.    5s. 
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Article  XV. 

^:j.A  :  .  !  NEW  PATENTS. 

yr.  Turner,  Wioslow,  Chester,  saddler,  and  W.  Moaedale,  Park- 
ret,  Grosvenor-square,  coach-maker,  for  an  improvement  on  collars 
draft  horse*. — April  2. 
iC  W,  Brandling,  Low  Gosforth,  near  Newcastle-upon-Tyne,  for 
irovcraents  in  rail-roads,  and  carriages  to  be  employed  thereoD  and 
jwisere. — April  12. 
,^.  Sbal^Gi^Ki  Norwich,  leather- cutter,  for  a  gravitating  expressing 
[f^I^n  for  raismg  and  conveying  water  or  any  other  fluid  for  any 
Urp.Qac. — April  12. 

Cn'.  Ciilraani  Whitechapel-road,  engineer,  and  J,  W.  Sowerby,  Bir- 
Bun-Iane,  merchant,  for  improvements  in  generating  steam,  and  on 
^w'fies'Wbe  worked  by  sleam  or  other  elastic  fluids. — April  13. 
.^ISuhderfand,  Croom's  Hill  Cottage,  Blackheath,  fornnewcom- 
bifeatiiw  of  fuel.— April  20. 

C.  Ogilvy,  Verulam-buiidings,  Gray's  Iiui,  for  imU'a'ji'CQNftA.wj^'M*- 
tas  for  storuig gas-— April  "" 


%9  ^^^  Pi^enii^  IJvhXf 

3.  Broomfieldy  Islingtony  near  Birmingham,  engineer,  and  J.  Luck- 
cock,  EdgbastonynearBirmiDgham^  for  improvements  in  the  machinery 
for  propeRine;  vessels.— April  20. 

L.  W.  Wright,  Wellclose-squarey  Middlesex,  engineer^  for  improve- 
ments on  apparatus  for  washing  or  bleaching  of  linens,  cotton,  &c— 
April  20. 

A.  L.  Hunout,  Brewer-street,  Golden-Square,  for  improvementa  in 
artillery,  musquetry,  and  other  fire-arms.— April  23. 

T.  A.  RobertfiC,  Monford-place/  Kennington-^reen,  for  a  method  of 
preserving  potatoes,  and  other  vegetables.^— April  23. 

S.  Ryder,  Gower-place,  Euston-square,  coach-maker,  for  an  improve- 
ment in  carriages,  by  affixing  the  pole  to  the  carriage  bjy  new  invented 
apparatus. — April  28. 

D.  Dunn,  King's-row,  Pentonville,  for  an  improved  apparatus,  for 
the  purpose  of  beneficially  separating  the  infusion  of  tea  or  coffee  from 
its  dregs. — April  30. 

W*  Davis,  Leeds,  e^gineer>  for  Improvemejats  in  machineiry  for 
reducing  or  converting  wool  into  slivers  or  thr^ds,  of  any,  d^ir^d 
length,  unlike  worsted,  namely,  pr^^^f ing  more  niimeroui  ha^  points 
projecting  from  the  surface  or  the  slivers  or  thready.— May  7« 

T^  Hill,  the  younger,  Ashton-under-LiQe,  land  surveyor  ^d  i^gineer, 
for  improvements  in  the  construction  of  railways  and  traai-ro44$,  and 
in  carriages  to  be  used  theregn,  and  on  other  ropdf(<— Mty  19k\  \ 

E.  Elliss,  Crextoq^near  Rochester,,  lime  mei^ch^ini^,  for  9n  ifiproved 
brick,  or  substitute  fpr  brick.T-May  H. 

5.  Pratt,  New  Bond-street,  caipp  equipage  manu&ctureri^^  iqr  an 
improved  manner  of  combining  wood  and  metal  so  as  to  form  rails  or 
rods  adapted  to  the  manufi^cture  of  bedstead,  corn^es,  apiiL  other 
works,  where  strength  and  lightness  are  desirable.— May  14* 

J.  C.  C.  Raddatz,  Salisbury-square,  Fleet-street,  merchant,  for  im- 
provements in  steam-engines. — May  14. 

J.  F.  Gravier^  Cannon-street^  merchant,  for  a  method  of  regulating 
the  emission  or  flow  of  gas  from  portable  reservoirs,  and  of  increasing 
the  safety  of  such  reservoirs.— May  14. 

T.  Pyke,  Broadway,  near  Ilmjmster,  for  an  apparatus  to  prevent  the 
overturning  or  falling  of  carriages. — May  14.   ' 

A.  Galloway,  West-street,  engineer,  ior  a  machine  for  the  forming 
and  moulding  of  bricks  and  other  bodies  usuallv  made  from .  clay> 
plastic,  or  any  of  the  usual  materials  from  which  building  and  fire 
bricks  are  commonly  made. — May  14.  .■    .<  r 

W.  Grimble,  Cow-cross-street,  Middlesex,  fi^r  improvem^ts  in 
the  construction  of  apparatus  for  distilling  spirituous  liquors. — ^May  14. 

£.  Garsed,  Leeds,  flax-spiqner,  for  improvements  lu  a  machine  for 
hacking,  combing,  or  dressing  flax,  hemp,  and  other  fibrous  materials. 
—May  14. 

H.  O.  Weatherley,  Queen  Anne-sti;eet,  Saint  Mary-le-bone,  for 
a  machine  for  the  purpose  of  splitting,  or  cleaving  of  wood,  and  fbrm- 
ing  and  secuj^ng  the  same  in  bundles. — May  14.  ,^  . 

6.  Gurney*  Aiigjle-street,  Kiipoverrsquare,  surgeon,  for  an  aippara- 
ti|S  for  projpelling  carriages  on. common  roads  or  on  railways.— r  May  Hu 
'  JA  T'itfcfr  Wwy<dianiptop»  cooper,  &£  improvements  ifi  tjjjie  con« 

ic&n  ofloilM  for  doors^  and  other  purp0ses.Tr>May  H* 
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BEBIABKS. 


F\flh  Mmdfu>^\.  nnecUy:  ninynig^t.  8.  Shtfvery.  3.  Fine.  4.  Fine:  8oine 
Ij^tniDg  i&tfae  e^eolDg.  5.  A  heavy  diovcr  about  eight,  a.  m.  6-Ull,  line. 
18.  Baaiy.  IS.  Some  rain,  a.  m.:  fine,  p.  m.  14^83.  Fine.  84.  Cloadly. 
85i  Fine.    86.  Cloudy  t  rainy  erening.    87.  Fine.    88.  Showery.    89—31.  Fine*   * 


RESUI/tS. 

Winda:    N,S;  NE,  7;  E,  7;  8,  4;  SW,  6}  W,  S;  NW,  1. 

Banncter:  Meanheigjbt 

For  the  month 30-1  IS  i 

For  the  lunar  perM,  ending  Ae  9th  • 89*099 

For  13  days,  ending  the  1 1th  (moon  south) 89*984 

For  14  days,  ending  the  85th  (moon  norlhy 30*188 

Thennometer:  Mean  height 

For  die  month 54*741* 

For  tile fanar  period,  cnding'lhe  9th.  •  •••• •  6S*SI0 

For  31  days,  the  sun  in  Taums  •  .• 5^*996 

Eviqporatio*  • .., ^ • ••••« 3*97  iB» 

Bain 3*45 

Byaieoond  guage ••••......••^.' • •  3*54 


•*§  < 


*s*  At  Tottenham,  on  the  30di,  about  six,  p.  m.  a  smart  shower  of  ndn,  preceded 

4 

by  large  hail,  very  well  indicated  the  near  approach  of  the  cold  cnnent,  by  which  the 
temperature  on  the  following  nights  was  lowered  to  the  freezing  point. 
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Article  I. 


Explanation  of  the  Theory  of  the  Barometrical  Measurement  of 

Heights,    By  Mr.  Nixon, 

{Qontinued  from  p.  52.) 

Of  the  Ratio  of  Density  of  dry  Air  to  Mercury. 

In  possession  of  formulae  enabling  us  to  calculate  the  density 
of  dry  aif  as  varying  from  pressure  and  temperature,  we  have  to 
ay^fflMiip;  m  the  next  place  the  ratio  of  its  specific  gravity  at  any 
given  tep^iperature  compared  to  that  of  the  liquid  of  the  baro- 
meter itf<3icating  the  pressure.   From  the  numerous  experiments 
of  MM^'Afiago  and  Biot  made  (at  Paris,  at  an  elevation  of  about 
'200  feQ&^alK)ve  the  level  of  the  sea)  on  jnoist  air  of  various  tem- 
peratures, it  is  inferred  that  12,000  cubic  feet  of  perfectly  dry 
air,  of  the  temperature  of  32^  F.  supporting  at  the  level  of  the 
sea,  in  latitude  46°,  a  pressure  of  26"0988  inches,  would  be  equal 
in  weight 'lb  1  cubic  foot  of  the  liquid  of  the  baronieter.     Con- 
sequeifltr^  column  of  the  dry-air;  if  uniformly  dense,  and  of  the 
verticai^j^jj^ght  of  J  2,000  inches,  -or  lOOQ  fe,et,  would  exactly 
coanterpoise  a  column  of  the  liquid,  of  the  same  base,  one  inch 
in  height.^ 

*  Wbattrer  the  specific  gravity  of  the  meicttry  (or  other  liquid)  of  the  barometer, 
12,000  mea9ur£s  of  &e  dry  air  would  equal  in  weight  one  measure  of  the  same  liquid 
88  that  oontmned  in  the  huometer ;  the  Uquid  in  the  instrument  and  in  tiie  scales  being 
of  die  same  temperature. 

Repeating  the  experiment  with  water  substituted  for  mercury,  and  specificallyvlighter 
""jte'nt?^  niiSr  to  J,  the  ba^fometer  would  now  exhibit  a  pressure  of  IS  times  ^6^86 
/wf^^^m  ^9*§844  inches,  and  one-thirteenth  part  of  12,000  cubic  feet,  or  9^3  +  cubic 
fkufiJT^Bfi^  air,  would  counterpoise  one  6f  "water.  Yet  as  the  densities  of  dry  air  are 
fireccty  as  the  presynzes,  we  shonld  infer,  that  when  the  water  barometer  (carried  to  the 
requisite  altitude)  stood  at  26*0988  inches,  then  would  the  density  of  the  air  there  be 
dJmJirished  obe*ihirteenth,  and  that  12,000  measures  of  it  would  be  required  to  balance 
one  of  water. 

The  value  of  the  inch  or  foot  being  lost  might  be  easily  regained  by  ascertaining  how 
mto^jnpaftHnMi^Arj  air  equalled  in  wdght  one  measure  ox  the  mercury  of  the  baro- 
m^.  Then  dividing  318185*6  incheaC^  26^988  x  12*000)  bjr  the  number  of 
veaiores  <or  vatia  of  the  spjccific  gravity  of  the  merctny  to  that  of  the  air)  we  should  have 
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Method  of  calculating  Heights, 

We  may  now  proceed  to  the  calcvilati'on  of  the.  vertical  height 
of  an  object  situated  within  the  atmosphere  of  the  earthy  the 
data  being  the  height  of  the  barometer  at  its  sumo^it  and  base^ 
together  with  the  temperature  of  the  intercepted  stratum  of  air 
(uniformly  ^t»32^  F,  and  perfectly  dry) . 

To  reduce  the  problem  to  the  greater  sigiplicity,  .we  remark 
in  the  6rst  place^  that  it  is  immaterial  whether  the  instruinents 
are  placed  in  the  same  vertical  line  or  liot,  for  every  point  of  the 
surface  of  the  atmosphere  of  uniform  temperature  being  at  the 
same  distance  from  the  centre  ,of  the  earth,*  and  the  pressures 
being,  directly  as  the  depths  below  the  surface  of  the  nuid,  the 
heights  indicated  by  two  or  more  barometers  equidistant  from 
the  earth's  ceiUre  will  be  precisely  the  same  without  regard  to 
their  horizontal  distance.  Secohaly,  as  the  pressure  exerted  by 
fluids  is  uninfluenced  by  their  figure,  it  is  unnecessary  to  have 
regard  to  the  area  of  tne  strata  of  the  atmosphere,  increasing 
(but  not  in  the  simple  ratio  of  the  height)  as  we  ascend  from  the 
surface  of  the  earth.f  Thirdly,  as  the  height  of  the  upper  baro- 
meter exhibits  the  value  of  the  pressure  incumbent  on  the  inter- 
cepted stjratum  of  air^  and  thus  aflbrds  the  datum  requisite  to 
ascertaii^  its  mean  density  as  far  as  regards  pressure,  it  would 
be  superfluous  even  to  mquire  what  is  the  fluid  exerting  that 
pressure.  Lastly,  as  the  absolute  pressure  exerted  by  a  fluid  is 
directly  as  the  height  multiplied  by  its  mean  specific  gravity,  if 
we  multiply  the  dinerence  of  the  heights  ofthe  oarometerat  the 
two  stations  by  the  ratio  of  the  mean  specific  gravity  of  the 
equiponderant  intercepted  column  of  air  to  that  of  the  mercury, 
we  shall  have  the  vertical  height  of  that  column;  equal  to  the 
diflerence  of  level  of  the  base  and  summit  of  the  object. 
'  The  heights  (or  volumes)  of  equal  weights  of  dry  air  being  reci- 
procally as  the  pressures  they  sustain,  and  as  every  stratum  of 
the  atmosphere  supports  the  total  pressure  of  those  above  it,  it 
has  been  demonstrated  that  when  the  altitudes  above  the  lowest 
station  increase  in  arithmetical  progression,  the  heights  of  the 
mercury  in  the  barometer  decreane  in  geometrical  progression. 
Such  being  the  case,  it  is  evident  that  the  difference  of  some 
two  consecutive  terms  of  the  geometrical  series  will  be  equal  to, 
or  coincide  with  the  difference  of  any  two  coiisecutive  terms  of 
the  arithmetical  one ;  and  that  where  this  equality  of  differences 
takes  place,  the  density  of  the  air  there  v^illbe  equal  to  the  mean 
density  of  the  whole.    Or,  supposing  the  density  of  the  column 

the  height  in  inches  of  the  barometer  (if  of  the  syphon  conttruction  with  bfanches  of 
e^ual  diameter),  without  r^ard  to  the  specific  g^vity  of  the  mercury. 

It  is  ahnost  superfluous  to  remark,  that  at;  or^nary  temperatures  the  liquid  of  the 
barometer  should  not  generate  elastic  vspoucs,  or  Ae  height  will  be  obsenred  in  defect ; 
ib»  dmiressiflD  increashig  (unequally)  with  the^temperature. 
'^Aef5,p,4S5,  t  See  §  6,  p.  435. 
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of  mercury  to  be  equal  to  the  mean  density  of  the  equiiionderant 
columu  ol'  air  (a  supposition  which  will  not  at  all  affect  the 
result),  if  we  divide  the  two  coluuina,  whose  heights  will  now  be 
equal,  into  the  same  number  of  exceedingly  small  strata,  weigh- 
ing alike,  then  will  some  one  or  other  of  the  strata  of  the  air, 
varying  in  depth,  be  sensibly  of  the  same  thickness,  or  vertical 
height,  as  any  one  of  the  uniformly  deep  strata  of  tbe  mercury. 
The  density  of  this  stratum  is  evidently  equal  to  the  mean  den- 
sity of  the  columu  of  air,  and  knowing  the  number  of  the  strata 
it  is  distant  from  the  summit  of  the  column  of  mercury,  we 
easily  ascertain  the  pressure  it  sustains  by  adding  the  sum  of 
the  equal  weights  of  these  strata  to  the  height  of  the  barometer 
at  the  upper  station.  With  Ihe  assistance  of  a  table  of  loga- 
rithtns,  together  with  its  modulus,  the  matheniatician  would 
readily  determine  thatthe  pressure  supported  by  a  volume  of  air 
uniformly  of  a  density  equal  to  the  mean  density  of  a  stratum  of 
dry  air  intercepted  by  the  pressures  of  15'5  inches  and  30-5 
inches  would  be  22-1602  inches,  and  that  the  height  of  the 
object,  or  of  the  column  of  air  at  '^2°  F.  would  be  equal  to  30'5 
minus  15-5  =  15  inches  of  mercury  multiplied  ^y  ^ta^^^^^fi^^ 
iuches,  or  to  17,666  feet.  Had  the  pressure  expressive  of  the 
mean  density  beea26'0988  inches,  the  length  of  tbe  column  of 
air  would  have  been  12,000  times  15  inches,  or  16,000 feet; but 
as  the  heights  are  inversely  as  the  pressures,  its  altitude  must 
be  increased  in  the  ratio  of  22-1602  to  26-0988. 

But  we  may  calculate  the  altitude  of  the  object  by  a  process 
more  generally  intelligible,  and  which  will  have  the  advantage 
of  demonstrating  that  the  pressures  or  heights  of  a  barometer 
carried  successively  to  a  series  of  stations  uniformly  increasing 
in  their  distance  from  the  surface  of  tbe  earth,  will  decrease  in 
geometrical  progression.  Our  plan  will  be  to  divide  the  column 
of  mercury  into  a  sufficient  number  of  equal  parts  or  heights,  to 
which  we  must  affix  the  corresponding  intercepting  pressures. 
The  columns  not  exceeding  one  inch  in  height,  the  mean  pres- 
Biire,  or  half  the  sum  of  tbe  pressures  at  the  base  and  the  sum- 
mit, will  not  materially  differ  from  (exceed)  the  pressure  supported 
by  a  stratum  of  air  of  which  the  density,  supposed  to  be  uniform, 
is  equal  to  the  mean  density  of  the  column  of  air  counterpoising 
Ihat  inch  of  mercury.  As'the  altitude  of  a  stratum  of  dry  air 
under  the  pressure  of  26-0988  inches  counterpoising  an  inch  of 
mercury  is  equal  to  1000  feet,  and  as  the  heights  are  inversely 
as  the  pressures,  we  ascertain  the  altitude  in  feet  corresponding 
to  the  different  columns  of  mercury  by  dividing  the  constant 
nainber  26098-8*  by  the  respective  mean  pressures.  The  sum 
of  these  altitudes  will  be  equal  to  the  altitude  of  the  object. 
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(The  degree  of  accuracy  of  the  method  increasing  with  the 
number  of  the  subdivided  columns^  we  may  convince  ourselves 
by  repeated  calculations  that  it  is  superfluous  to  divide  the 
column  into  lengths  less  than  one  inch.) 

Example, — Upper  barometer  16'5  inches ;  lower  barometer 
30*5  inches. 

Inches.  Feet.  Feet. 


f 

a 


29-5  and  30-6 

28-6  29-6 

27-5  28-5 

26-5  27-5 

25-5  26-6 

24-5  25-5 

23-5  24-5 

22-5  23-5 

21-5  22-5 

20-5  21-6 

19-5  20-5 

18-5  19-5 

17-5  18-5 

16-5  17-6 

\\b'5  16-5 


Mean  301  ^ 
29 
28 
27 
26 
25 
24 


a 


1 

So 


I  'O  cw 


23  1^ 
22  *« 

21 

20 

19 

18 

17 

16 


«> 

o 
SS 

2 

-X3 


870-0")   f  870-0 

900-0  .   1770-0 

932-1  I   2702-1 

966-6  •§   3668-7 

1003-8  s   4672-5 

1044-0  ^   6716-6 

1087-5  I   6804-0 

«( 1134-7  i^-f^  7938-7 

1186-3  ■•S'  9125-0 

1242-8  I  10367-8 

1304-9  •§  11672-7 

1373-6  I  13046-3 

1450-0  I  14496-3 

1536-2  ^  16031-5 

1^1631-2  J   (.17662-7 


17662-7 
(Correct  altitude  17666-0 ;  Error  —  3-3  feet.) 

Dividing  the  stratum  of  air  into  any  number  of  sections  of 
equal  altitude,  we  may  find  by  a  \\\X\q  further  calculation  the 
pressures  they  sustain,  and  demonstrate  the  decreasing  geome- 
tric progression  of  the  latter;  for  if  we  take  any  two  consecutive 
pressures  and  divide  the  consequent  by  the  antecedent  one,  and 
any  other  two  consecutive  pressures  be  taken  and  the  consequent 
of  these  be  divided  by  their  antecedent,  the  two  quotients  (or 
ratios),  will  be  found  to  be  ec[ual  to  each  other,  and  less  than 
unity,  which  is  the  characteristic  of  a  descending  geometrical 
series. 

Example. 

Feet. 


Pressure  at  the  base  . .      — 

at  an  altitude  of  441 6-5 

8833-0 

13249-5 

17666-0 


30*5000 in.  quotients  or  ratios. 
25-7618  .        -84432  (nearly) 
21-7428  -84432 

18-3579  -84432 

16-6000  -84432 


Having  found  the  altitude  of  the  object,  the  temperature  of  the 
air  being  32°,  let  us  now  suppose  the  temperature  to  have  been 
86°,  or  48  degrees  above  the  ireezing  point.    The  volume  of  the 

dp^  air  is  consequently  increased 


480'  ^^To"^^'  and  its  density,  in- 
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versely  as  the  volume,  diminished  in  the  ratio  of  1  to  0*90909.* 
The  given  heights  of  the  barometer  being,  as  in  the  precedin'j^ 
example,  30*5  and  16*5  inches,  we  must  augment  the  altitude 
at  32°,  or  17666  feet,  one-tenth,  or  in  the  ratio  of  90909  to 
100000 ;  equal  either  way  to  19432-6  feet.     At  this  temperature 

(12000  H-  -^th  or)  13200  cubic  feet  of  dry  air  supporting  the 

pressure  of  26*0988  inches,  would  be  required  to  balance  one  of 
mercury. 

The  temperature  of  the  air  bein^  24  degrees  below  32°  F.  or 
at  +  8°  F.  we  must  reduce  the  altitude  at  32°  one-twentieth,  or 
in  the  ratio  of  the  den8ities,t  viz.  of  1  -05263  to  1,  giving  1 6782*7 
feet  as  the  correct  altitude  of  the  object. 

We  have  hitherto  supposed  the  stratum  of  air  to  be  of  uniform 
temperature;  a  supposition  seldom  or  ever  confirmed  by  th^ 
indications  of  the  detached  or  exterior  thermometers  placed  in 
the  shade,  and  freely  exposed  to  the  air  at  the  summit  and  base. 
Generally  speaking,  the  temperature,  especially  when  the  dif- 
ference of  altitude  is  considerable,  diminishes  as  we  ascend. 
The  mean  rate  of  the  diminution,  which  is  extremely  variable  at 
different  times  and  places,  is  usually  estimated  at  1°  F.  for  an 
elevation  of  300  feet.  My  own  numerous  observations  on  alti- 
tudes not  exceeding  2000  feet,  give  230  feet  as  the  me^n — a  rate 
of  decrement  differing  little  from  that  deduced  from  the  observa- 
tions of  Mr.  Dalton ;  but  as  the  diminution  when  within  100  or 
200  feet  of  the  summit,  particularly  when  the  mountain  was  an 
extended  ridge,  and  the  thermometers  were  placed  on  its  lee- 
ward side,  was  frequently  double  or  treble  that  of  the  inferior 
equal  sections,  the  rate  is  evidently  exaggerated,  and  some  cor- 
rection seems  necessary  in  order  to  obtain  a  uniform  decrement 
from  observations  made  on  mountains  of  different  altitudes. 

Supposing  the  decrement,  whatever  the  rate,  to  be  bjit 
uniform,  or  in  arithmetical  progression ;  that  is,  granting  th^ 
differences  of  temperature  indicated  by  any  number  of  thermo- 
meters ranged  on  the  side  of  the  mountain  at  equal  perpendicu- 
lar distances  to  be  the  same,  we  shall  commit  no  sensible  error 
in  the  Calculation  if  we  consider  the  mean  density  of  the  air  the 
same  as  that  of  another  stratum  uniformly  of  a  temperature 
equal  to  half  the  sum  of  the  detached  thermometers  observed  at 
the  base  and  summit  of  the  mountain.^: 

•  See  S  20,  p.  438.  f  Ibid. 

X  If  we  expose  440  volumes  of  air  48  degrees  ahowy  and  440  volumes  48  degrees 
below  the  freezing  point,  to  the  mean  temperature  (equal  to  ^^^  F.),  their  volume  c^ec* 
thnelj  wiU  be  greater  by  1  -iOOth  part  than  the  sum  of  their  volumes  before  the  mixture 
took  place. 

For  400*0  volumes  at  82°  are  equal  to  440  volumes  at  +  80o 
And48d-9  33  440  -    6 

88S-P  «80  Mc*n^l 
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It  is  to  be  k'etliarked  that  any  one  or  more  sections  of  a  cylin- 
drical column  of  air,  uniformly  of  a  given  temperature,  may  be 
heated  or  cooled  without  disturbing  in  the  least  the  pressure  of 
the  strata  incumbent,  on  that  section,  or  of  those  on  which  it 
rssts;^  '  That  the;  density  of  the  lower  strata  of  the  atmosphere 
is  occaSbnally  inferior  (especially  in  the  middle  of  a  cloudlet 
day  d'eclifiing  rapidly  in  temperature  towards  morning  and 
everfttag^y'^'td  that  of  the  strata  immediately  soperihcumbent  is 
proved  i>y  ihe  terrestrial  refractions  being  frequently  negative 
when  the  intercepted  arc  is  inconsiderable. 

If  we  admit  the  progression  of  the  diminution  of  temperature 
as  we  ascend  to  be  geometrical,  and  of  such  a  nature  that  the 
decrement  for  the  same  number  of  feet  is  greater  at  the  base 
than  at  the  summit,  the  column  will  evidently  contain  a  greater 
quantity  of  air  inferior  than  superior  in  temperature  to  the  mean 
of  the  detached  thermometers  at  the  extremes,  and  half  their 
sum  exceeding  the  true  mean  temperature,  will  introduce  an 
error  in  excess  in  the  calculated  altitude  of  the  object.  Still  as 
we  have  no  experiments  authorising  us  to  conclude  that  the 
diminution  of  temperature  is  in  geometrical  progression;  as  we 
are  even  ignorant  whether  the  rate  be  greater  at  the  base  or 
summit,  and,  what  is  more  to  the  point,  being  well  aware  that 
numerous  local  and  other  causes  will  disturb  and  render  its 
nature  undistinguishable,  we  may  be  spared  the  trouble  of  cal- 
culating any  corrections,  and  content  ourselves  with  considering 
the  mean  of  the  thermometers  at  the  extremes  as  the  proper 
temperature  for  calculation .f  We  cannot,  however,  too  strongly 
iri^lil'tlfit  ftepriiicipal  errors  of  barometrical  meietstirements  are 
~tBi4  rfesiilt  ofYm  incorrect  estimate  of  the  mean  temperature.  It 
lias  %W  been  justly  observed  by  Prof*  Playfair,  that  whfeh'thfe 
^i'driiontat  distance  of  the  barometers  is  considerable,  the  tfeni- 
iiyrafture  of  the  air  at  the  lower  station  may  not  accord  with  that 
ia"tdie*bage  of  the  column  of  air  immediately  under  the  npp^ 

-1   J    '•/    ■.  ■  "^  '      *x^.U 

^Ci*  ^yp  increase  M^e  tonperature  of  a  fluid,  confined  in  a  truly  cylindrical  ves^)  .tp 
.nicb  .a  4egree  as  to  double  the  volume,  the  height  will  be  increased^  and  the  dtosiiy 
almihiskcd^  in'  Ac  same  ratio,  and  the  pressure  at  the  base  will  remain  unaltef^tf.-^  Bill 
if  die  fig«re  of  the  vesad  be  tliatof  the  fiustma  of  an  invert^  :   w  .  i  : 

.  jgr^poid)-  thflft  ¥rill  the  increm^iji^  of  volume  be  insuffident,       . : ^7"   ' 

,W-acoo}^nt^ofthe  increasing  capacity  of  the  vessel  upwards,  to 
!mi'gfnent  ttie  Hepth  of  the  fluid  in  the  same  ratio.  The  ab- 
'sbhite  pressure  being  as  the  height  multiplied  by  the  density, 
Aereift  a  consequent  lots  of  pressure.  Hence  it  must  be  ad- 
mitted that  an  increase  in  any  ratio  of  the  volume  of  the 
entire  atmosphere  (resulting  from  an  elevation  of  its  temper- 
ature throughout  its  mass)  will  not  cause,  on  account  of  its 
-spherical  figure,  an  aagmeDtation  of  its  height  in  thesaqua  ,,\'y 

proport^flii ;  and  that  the  pressures  at  tbe  basie  of  an  atmosphere  unifonnly^  accdrdii^  in 
temperature  with  our  climate  would  be  less  in  summer  and  at  noon,  than  iAwixMer  and 
at  mgfat.  '  This  view  of  the  subject,  if  oorraet,  ma^  sefve  to  acooonr  foctht  hoiary 
osdlLadons  of  the  barometer..  t        f    < 

f  Dr.  Horsley  considers  the  metjwd  of  taking  the  mean  of  the  temperatures  at  the 
extremes  as  onljr  an  approximation^  yet  sufficiciilTy  exact,.— (Phil,  f  <kns.  vol.  Ixiv.) 
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barom«teih— a  cineHOMtance  that  canDot  fail  to  vitiate  tha  calcu- 
lation of  tbe  altitade.  ^ 

,...  ^'  Correction fpr  IlAtitvde. 

Hitherto  we  have  coosidar^d  the<  earth  aa  a  sphere*  at  re&t»  bafc 
ifwe^piiMbat.itirevQlves,on  its  a*i3>  -thea, would, i|a  figurci, 
8upp9^ng  it  to  lij^yei^been  Qrigi^aUy  masiS  ^^9<^iue  thai, 

of  a  sphairaid  flattqnad.aJt.  the  polea^.apd  p^^^  the 

equiLtor.  .If  .;We  .conceive  the  barometef  & .  to.  fep  ;^*  placed. 


r:  .    i'.. 
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widiin  ^a  earth  that  the  one  branch  shall  extend  from  its-surface 
At  tha  fequator  EE  to  the  centre,  and  that  the  other  shall  protrude 
to  •  tbe  aurface  at  either  pole  PP^  then  will  the  density  of  tlie 
m^i^ary  within  the  branch  at  the  equator^  diminished  from  the 
oentriifijigal  foroe  there,  be  inferior  to  its  density  .within  the 
faaiAch  at  the  pole.  The  latter  will  consequently  press  on 
the  fluid  within  the  rotating  branch,  and  cause  it  to  ascend  until 
Jti'ia'perior  height,  compensating  its  inferior  density,  produces 
aa  equUibrium  of  pressure  between  the  two  cblutaqin^;  "tfieir 
heights  now  being  reciprocally  as  their  mean  densiti^BS. 

The  Surface  of  the  earth  being  no  longer  everywhere' equidis- 
tant from  the  centre,  we  must  now  define  the  difference  of  level 
of  twa  points  not  situated  in  the  same  vertical  Une  sis  b^iA^/equal 
to  the  difference  of  their  vertical  distances  from  the  surface  of 
the  earth,  or  rather  that  of  the  ocean,  conforming  in  figure  to 
that  ofa  spheroid. 

X}?,?  centrifugal  force  increasing  with  the  length  ofthe  radius 
oti^iSii^mhS'^  the  iiit^jj;isi(;y  pf  gravity  diminishing  as  the  dist- 
mmo^  Aom'  the  centre  of  the  earth,  it  follows  that  the  force  of  the 
latter  is  least  at  the  equator,  and  that  the  variation  will  diminish 
as  W(^  approach  the  poJes  in  the  ratio  of  the  dUlawce  o^  VJci^  ^\ix- 
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face  of  the  earth  at  any  latitude  from  the  nearest  point  of  the 
axis.  Thus  it  has  been  demonstrated  that  if  we  call  the  force 
of  gravity  in  latitude  46^  eqmal  to  unity,  then  will  its  intensity 

at  the  equator  be  diminished  jrr-^ :  at  the  poles  it  will  be  aug- 
mented in  the  same  proportion.  For  any  intermediate  latitude, 
the  fraction  must  be  multiplied  by  cosine  of  double  the  latitude. 
In  stating  the  number  of  measures  of  dry  air  required  to  coun- 
terpoise one  of  mercury,  we  remarked  that  the  barometer  indi- 
cating the  pressure  was  understood  to  be  stationed  at  the  level 
of  the  sea  m  latitude  45®.  Supposing,  on  repeating  the  experi- 
ment, that  the  force  of  gravity  has  diminished  in  the  interim  so 
as  to  coincide  with  its  value  at  the  equator,  let  us  inquire  what 
will  be  the  consequences.  In  the  first  place,  as  the  absolute 
weights  of  the  atmosphere  and  the  mercury  are  diminished  in 
the  same  ratio,  the  height  of  the  barometer  will  continue 
unchanged.     Secondly,  as  the  absolute  weight  of  each  particle 

of  air  is  diminished  ^^  without  impairing  its  elastic  force,  the 

original  pressure  on  any  or  all  the  strata  i||enfeebled  in  the  same 
proportion,  and  the  height  of  the  atmosphere,  or  of  any  portion 
of  it,  is  increased  in  the  same  degree.  Thirdly,  the  particles 
being  more  distant  from  each  other,  there  is  a  consequent 
increase  of  volume  without  addition  of  weight  relative  to  that  of 

the  mercury,  and  a  quantity  of  dr}'  air  greater  by  rrrz  than  had 

been  required  in  the  previous  experiment,  will  be  necessary  to 
balance  the  measure  of  mercury.  Had  we  hermetically  closed 
the  vessel  containing  the  air  in  latitude  45^,  and  then  transported 
it  to  the  equator,  it  would  still  be  found  to  be  an  exact  counter-^ 
poise  to  a  volume  of  mercury  equal  to  that  made  use  of  in  the 
former  latitude;  but  on  opening  the  vessel  and  allowing  the 
included  air  to  communicate  with  the  atmosphere  (the  barometer 
there  standing  at  the  same  height  as  when  at  the  pole),  then 
would  the  air,  being  of  an  elasticity  superior  to  the  absolute 
pressure  now  incumbent  on  it,  immediately  expand,  and  a  por- 
tion of  it  rushing  out,  the  residue  would  be  insuffioient  to 
balance  the  incompressible  mercury. 

The  better  to  illustrate  the  variation  of  the  density  of  air 
resulting  from  change  of  latitude,  place  a  proper  weight  on  a 
vertical  column  of  elastic  wire  coiled  in  the  manner  of  a  screw; 
tb^n  if  we  conceive  them  to  be  transported  to  a  lower  latitude, 
the  weight  will  press  on  the  spring  with  diminished  gravity,  and 
th^  height  of  the  qplumii  will  oe  increased.  * 

The  calculations  being  made  in  the  first  instance  for  the  lati- 
tude of  45°,  we  must  increase  the  altitudes  in  latitudes  nearer  the 
'equator,  Rnd  diminish  those  in  parallels  approaching  the  poles,  in 
ib^  ratios  proper  for  the  respective  latitudes  as  calculated  by  the 
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rules  just  given.*"  '  This  oorrection^  properly  the  very  last  in 
order,  may  be  readily  effected  by  the  fractions  given  by  Biot,  in 
the  third  volume  of  his  TraiU  a  Astronomies  or  more  promptly 
by  the  annexed  table,  differing  some  little  from  the  one  by 
Prof.  Littrowy  ihserted  in  the  Memoirs  of  the  London  Astrono* 
mical  Society.f 

Correction  for  the  vertical  Diminution  of  the  Force  of  Gravity. 

For  the  jAV.— The  force  of  gravity  diminishing  as,  ascending 
from  the  surface,  we  recede  from  the  centre  of  the  earth  as  the 
square  of  the  distance,  it  is  evident  that  the  density  of  the  air  at 
different  altitudes  will  diminish,  ceteris  paribusy  in  the  same 
ratio.  The  mean  radius  of  the  earth  being  about  3956  miles,  if 
we  call  the  force  of  gravity  at  the  level  of  the  sea  1,  its  value 
at  the  several  altitudes  of 

.    .  1,      '2,.     3,  4  miJes 

.„  ,                ,        1                             -  3956    3956    3956    3956  . 

Will  be  equal  to  1   X  square  of §957'  3958'  3969'  3960' 

for  which  we  may  be  allowed  to  sub-^  _^    _£_    _^     _^  . 

Stitute  1  minus..  ., J  8956'  3956'  3956'  3956  ' 

consequently  we  must  augment  the  calculated  altitudes,  in  pro^ 
portion  to  tne  mean  diminution  of  the  density  of  the  intercepted 
column  of  air,  nearly  equal  to  half  the  sum  of  the  values  of  the 
diminution  at  the  extremities  ;  effected  by  applying  a  correction 
additive  found  by  multiplying  the  difference  of  level  in  feet  by 
the  sum  of  the  perpendicular  distances  of  the  summit  and  base 
of  the  object  from  the  surface  of  the  earth,  and  dividing  the 
product  uy  20887680,  the  mean  radius  of  the  earth  in  feet.  The 
amount  of  the  correction  for  an  elevation  of  8000  fe^  s^bove  the 
sea,  being  only  three  feet,  it  may  be  safely  disregarded  .within 
that  limit.  At  greater  elevations  the  value  may  be  readily  found 
byTablelV. 

For  the  Mercury. — Having  proceeded  in  our  calcul9,tions  on 
the  supposition  of  the  force  ot  gravity,  as  affecting  the  mercury 
being  constant  without  regard  to  the  altitude,  we  must  now  be 
conscious  that  the  absolute  pressure  exerted  by  the  upiper  strata 
of  the  atmosphere  on  the  subjacent  intercepted  column  of  air,  is 
no  longer  correctly  exhibited  by  a  barometer  situated  above  the 
level  of  the  sea.   The  specific  gravity  of  the  liquid  as  transported 

*  Acbteittingthc  nvrticals  to  have  the  same  latitude. 

-f-  l*he  upper  part  of  Chat  branch  of  the  syphim  barometer  Gontaining  the  shorter 
c  jlumn  of  mercury  being  fiUed  at  the  pole  with  dry  air  of  a  certain  temperature,  and 
hermetically  closed,  note  the  difference  of  level  of  the  mercury  in  the  two  branches* 
Then  in  proceeding  towards  the  equator,  if  we  do  not  change  our  distance  from  the 
surface  of  the  sea,  and  preserve  the  temperature  of  the  air  and  mercury  unaltered,  the 
length  of  the  column  of  air,  and  the  difference  of  l^vel  of  the  itacrcury,  will  continue  to 
augment  until  we  arrive  at  the  equator.  The  instrument  would,  therefore,  serve  to  find 
the  latitude* 
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to  diflSer^Qt  distaoces  from  the  centre  of  the  earth  being  dimi- 
nisbed  in  the  ratio  of  the  square  of  those  distances^  its  height. 
in  the  barometer,  when  counterpoising  the  same  absolute  pres- 
sure,  pr  such  as  would  be  indicated  by  a  barometer  at  the  level 
tyf  the  sea,  will  be  proportionally  augmented.  To  compi^hend 
the  nature  of  the  correction  (additive),  we  remark  in  the'^hrt 

Slace,  that  as  it  is  unnecessary  to  be  acquainted  with  the  speci- 
c  gravity  of  the  liquid  of  the  barometers,*  if  alike  in  both>-we 
have  mi^rely  to  correct  the  observed  height  of  the  column  of 
mercury  in  either  barometer  in  the  inverse  ratio  of  their  specific 
gravities.'  Further,  as  we  may  be  suffered  to  express  the  ratio 
of  the  diipinution  of  the  force  of  gravity  at  the  several  altitudes 
above  the  level  of  the  sea  of  1,  2,  3,  and  4  miles  by  the  fractions 

1978^  1978'  1978'  ^^^  1978'  "^cr^asing  uniformly  witb  the  altitude, 

and  having  equal  differences,  it  is  evident  that  whatever  the 
elevation  of  the  lower  barometer  above  the  same  level,  the 
observed  height  of  the  other,  if  situated  a  mile  ^hort  it,  must 

*  -'^TliiS'is  Btaffii^eiidy  ettablished  by  our  previous  demonstration  that  s  certain  number 
of  cubic  feet  of  dry  air  will  balance  one  of  the  liquid  of  the  barometer,  without  regard  to 
its  epedfic  gravity,  when  the  observed  he^ht  is  equal  to  a  certain  number  of  inf^es. 
fioweW,  as  Professor  Robison  asserts,  in  his  Elements  of  Mechanical  I%ilosophy,  that 
yii^a.  the  meE9ury  of  the  barometers  is  not  of  the  same  specific  gravity  as  that  made,  use 
oim  die  experiments  of  Sir  G.  Shuckburgh,  calculations  conformable  to  his  formula 
cannot  fail  .to  be  erroneous,  we  must  so  confirm  our  opposite  statement  on  this  important 
sttibjeol  If  to  leave  no  room  for  doubt 

.  jff  we  av^gmciit  or  diminish  in  the  same  ratio  any  two  terms  of  a  series  o£  numbexs  in 
geome£i^i(^  |>rogressioh,  die  differences  of  the  corresponding  terms  of  the  arithmetical 
wift  doBitinli^  die  same.  It  must,  therefore,  fdlow,  that  as  the  pressures  are  iik  gdmie* 
trical,  and  the  altitudes  in  arithmetical  progression ;  and  as  the  heights  of  two  columns 
of  mercury  supporting  the  same  atmospheric  pressure  will  be  constantly,  diirmg  everj^ 
variation  .of  the  pressure,  in  the  inverse  ratio  of  their  specific  gravities,  the  altitudes  as 
cainputed  fi»m  one  and  the  same  formula  will  be  alike,  without  r^ara  to  thfedeniacy  of 
Uiemercuryi  .   .      ^.    : 

'  We  have  already  found  that  when  the  pressures  were  15*5  and  30*5  inohes,  th^  ^ti* 
tade  would  be  17666  feet.  Supposing  we  had  also  observed  the  pressures  wi^  tnfo 
•other  barometers  eobtaining  mercury  of  a  density  inferior  in  the  ratio  of  1 1  to  10,  the 

1  1  ' 

heights  would  have  been  noted  at  15*5  +  -rrth,  and  30*5  +  -jrJhi  pr   at  17*05  and 

:33'<55  inches.  The  pressure  corresponding  to  the  mean  density  of  the  air,  computed 
precisely  as  before,  will  be  foimd  to  be  24*3763  inches,  and  the  altitude  equal  to  16*5 
inches  (the  difference  of  the  observed  heights,  or  length  c^  the  column  of  mercury  balanc- 

26*0988 
ing  thtttof  the  air)  multiplied  by  of  12,000  inches,  or  to  17,666  feet,  the  same 

as  before.  The  pressure  incumbent  on  the  stratum  of  air  as  indicated  by  the  Jbarometers 
with  the  rarer  liquid,  would  appear  too  great  by  one-tenth,  and  we  might  have  antici- 
pated (die  he^hts  being  reciprocally  as  the  pressures)  that  the  altitude  would  be  calcu- 
kted  proportionally  in  defed; ;  but  as  the  length  of  the  column  of  mercury  counterpois- 
hi|(  the  air  (16*5  inches)  is  from  its  inferior  specific  gravity  one-tenth  greater  than  the 
cMlm^Mertmt  ookrinncif  mefeAiy  in  tfa^  odier  baroraeiera  (Id  ifiteiiesV  ^^  tHv^o^lAilses 
ilt^mitedoc^psDfw^  iobt  of  Bii  Of fmuieadm^  .     ^     7t     o^ 

^^t/f^j^tfjcfm^f  usefid  altsmtidn in  the  construction  o^  the.  Englefi^d.  bjrfpe^^ 
4^mimiff  on  this  contested  point,  will  be  proposed  when  wc  come  to  treat  of  tnbitistnx- 
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be  reduced  j^—.     Lastly,  as  the  weights  of  equal  (volumes  or) 

heights  of  ^ir,  if  so  small  as  to  be  sensibly  of  uniforipr  density^ 
are  directly  as  the  pressures  they  sustain,  the  value  of  the  coc-r 
irection  in  feet^  the  mean  temperature  of  the  aii:. being  32^  F,  and 
containing  its  usual  quantity  of  moisture^  will  !;>e.cppL£^tmf«sjpMl 
eq^ual  to  13*25  feet 

Hstyiqg  paved  the  cfiFrreetion  to  he.  dintotljr  i^'^^'nlip,  ^F  tlie 
a^tude  without  regard  to  the  elevations  of  the  biaTometers 
above!  the  level  of  the  sea,  and  equal  at  a  temperature  of  the^air 

of  32®  F.  to  1 3*26  ft.  per  mile,  or  to  gsgj;^,   we  may  strictly*  dis- 

pense  with  aiiy  reduction  of  the  observed  heights  of  the  baro- 
metei'si*  or  subsequent  augmentation  of  the  approximate  altitude, 
if  we  make  pur  calcplations  in  the  first  instance  on  the  auppor 

sitioa^.thftct  1.000  +  ggg^oo^®^^'  ^^  ^-^^  correctly  1000  -^^^ 
m  i002'61  Tertical  feet  of  dry  air  at  32°  F.  and  under  the'prea^ 
sure  of  26*0988  inches,  will  counterpoise  one  inch  of  merciuy  is 
the  latitude  of  46°,  or  more  conveniently  if  we  admit  that  the 
inth  of  mercury  will  balance  1000  feet  of  the  dry  air  under  a 
pressure  of  ^fr  1643  inches.  f-A^r^y 

When  the  mean  temperature  differs  from  32^  F,  the  yklxip  iiV 

feet  of  TgZg  of  the  height  of  the  barometer  will  vary,  an^  wft 

must  augment  (or  diminish)  the  13"25  feet  at  the  rate  <>f  555  ge^ 

d^gre^  of  the  (difference.  To  meet  this  slight  cprrection;  !wg 
have  but  to  consider  the  dilatation  in  volume  of  dry  air.  ^xi 

;j^^  in  lieu  of  ;jgjj  per  degree. 

To  prove  that  the  view  we  have  taken  of  the  subject  is  quiie 
conect,  a  table  is  subjoined  of  the  value  of  the  correction  at  di^ 
ferent  elevations,  and  temperatures  of  the  air,  strictly  calculated 
on  the  supposition  of  the  lower  barometer  being  placed  at  &i€ 
level  of  the  sea. 

Elevations  of  the  Upper  Barometer  above  the  Lower  one  placed  at 

the  Level  of  the  Sea, 

Temperature  of  the  Air.  ,^ 

0°  32®  52°  72°  92° 

1  mile  12-3  ....  13-2  ....  13-9  14-4 15-0  feet! 

«  ■  -    24-6  26-5  ....27-7  ....28-8  .,..30-0 

3  .  3p;9  39-8  .  • . .  41-6  . , . .  43-3  ....  45-0 

4  49-2   ....  53-0   ,,,.  65-4   ,..,  67-7    ....  60-0 

.  Gravity  diufiinishing  as  we  ascend  above  the  surface,  (jftb^ 
earthy  it  follows  that  a  pendulum  clock  taken  from  the  l^vel  of 
thesek.tothe  summit  of  a  mountain  would  have  its  rate  of  going 
retarded.      Some  experiments  of  this   nature   undertakeii  in 
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Faussiffnv  with  a  view  to  determine  the  vertical  difference  of 
level  of  the  stations  proved  quite  unsuccessful.  The  probable 
reason  is^  that  the  stations  differed  materialljr  in  latitude,  so 
much  so,  and  in  such  a  manner,  that  the  correction  for  the  latter, 
had  it  been  attended  to,  would  have  exceeded  the  other,  and  in 
an  opposite  direction.*" 

Correction/or  the  Attraction  of  Mountains. 

When  we  consider  that  the  surface  of  the  earth  (restricting 
the  term  to  that  part  of  it  coinciding  in  level  with  th^  sea),  is 
generally  covered,  especially  in  the  scene  of  barometrical  obser* 
vations,  with  ponderous  mountains,  and  that  the  correction  for 
the  diminished  gravity  of  the  mercury,  although  reduced  one- 
half,  is  suhtractive,  and  the  one  for  the  air  (still  additive)  merely 
half  the  amount  for  depths  yov  differences  of  level),  below  the  sur- 
face, we  must  be  sensible  that  barometrical  measurements  made 
in  the  midst  of  a  mountainous  country  must  tend  to  err  in 
excess. 

From  the  attraction  of  the  steep  acclivities  forming  a  narrow 
valley^  &c.  the  particles  of  air  therein  are  more  numerous  than 
in  a  similar  volume  of  air  under  the  same  pressure,  &c.  taken 
from  a  situation  unaffected  by  local  attraction.  Now  as  this 
accession  of  density  does  not  sensibly  extend  to  the  strata  of 
the  atmosphere  incumbent  on  those  within  the  valley,  the  den- 
sity of  the  latter  is  too  great  for  the  pressure,  and  the  same 
depth  of  air  requires  a  greater  column  of  mercury  to  form  a 
counterpoise.  The  error  in  excess  in  small  differences  of  level 
measured  in  similar  situations  is  incredibly  great,  as  I  have  had 
frequent  opportunities  of  verifying  by  a  comparison  of  the  levelled 
and  barometrical  altitudes. 

When  the  lower  station  is  an  extensive  plain,  and  the  upper 
barometer  is  placed  at  the  bottom  of  a  deep  ravine,  or  gorge,  the 
increase  of  the  density  of  the  air  therein  causes  the  mercury  to 
stand  too  high,  and  the  computed  altitude  must  fall  short  oi  the 
truth. 

Correction  for  the  Difference  of  Temperature  of  the  Mercury  of 

the  Barometers. 

Mercury  expands  with  increase  of  temperature  :  according  to 
the  approved  experiments  of  MM.  Dulong  and  Petit,  its  volume 

at  32®  F.  is  altered  ^^  for  a  variation  of  temperature  equal  to 

1°  F.  The  densities  of  equal  weights  of  fluids  being  reciprocally 
as  the  volumes,  and  their  pressures  equal  to  their  heights  mul- 

*  At  the  level  of  the  sea,  water  boils  at  2X2°  under  a  pressure  of  30  inches  of  mer. 

cnry,  but  would  not  the  ebullition  at  the  same  temperature  take  place  at  an  devation 

4 
«£  four  miles,  although  the  barometer  stood  there  at  30  inches  +  — -  ? 


^ 
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tiplied  by  their  ineaii  deusiiios,*  it  follows  that  the  heiglits  of 
two  barometers  sustaiuing  the  same  atmospheric  pressure,  but 
esposed  to  differeat  temperatures,  will  not  coincide;  the  column 
of  the  one  having  the  inferior  temperature  being  shorter  than 
the  other  in  proportion  to  the  increase  of  density.  The  observed 
heights  will,  therefore,  require  to  be  reduced  to  their  value  at 
32  F.  or  simply,  as  the  specific  gravity  of  the  mercury,  if  the 
same  in  both  instruments  does  not  affect  the  calculation,  the 
length  of  the  one  column  must  be  reduced  to  its  height  at  the 
temperature  of  the  other.  But  this  reduction,  as  it  supposes 
the  scale  of  inches,  generally  of  brass,  to  be  unaffected  by  change 
of  temperature,  is  of  course  overrated  ;  were  the  hnear  ailatation 
of  the  scale  equal  to  that  of  mere  ury  in  volume,  the  heights  of 
the  barometer  would  not  in  fact  require  a  correction  for  differ- 
ence of  temperature.  The  fraction  expressing  the  reduction 
must  consequently  be  equal  to  the  expansion  of  mercury  minus 
that  of  brass,  or  to  yvrxj  per  degree  from  32°  F.f 

To  construct  a  table  enabling  us  to  correct  the  altitude  com- 
puted from  the  observed  pressures,  we  have  but  to  find  as  a  basis 
the  value  in  feet  of  the  correction  for  a  difference  of  temperature 
of  the  barometers  equal  to  one  degree,  the  air  being  at  32°. 
Whatever  the  heights  of  the  columns,  provided  we  reduce  them 

all  in  the  same  ratio,  or  of  ^^7753  i"  777^  of  11153  =)7y754.t'he 
heights  of  the  columns  of  air  at  32°  F.  balancing  the  minute 
columns  of  mercury  intercepted  by  the  observed  and  corrected 
heights  will  be  sensibly  equal.  The  1000th  part  of  150  inches  is 
O'O'-iO  in.  and  the  same  proportion  of  15  inches  is  but  half  the 
quantity,  yet  as  the  former  supports  double  the  pressure  of  the 
latter,  its  density  is  greater  in  the  same  ratio,  and  the  heights, 
inversely  as  the  densities,  are  alike.  Under  a  pressure  of 
26"208  inches,  one  vertical  foot  of  air  at  32°  F.  half  saturated 

■  It  ia  quite  superfluous  to  remstk,  that  (lie  increased  diameter  of  the  column  of 
mercury  fiim  the  diUuliDi)  nf  the  glass  of  the  tubes  does  not  interfere  with  Ihe  equili- 

Pbim  of  piesEureof  the  atmosphere  andthe  meiairy,  and  must  not  be  T(^rded.  ■ 

f  Expimsian  of  mercury  (in  Tolume)    1   :    lOOOIODIO         ""^^^M 
Ditto  brass  (lineBi) 1   :   1-00001044  ^^H 

rv:au»».«     ».  ...  i    .    i-juvuora  ' 


(See  a  valuable  paper  on  the  Eipnnsion  of  Metals,  &c.  by  the  (now)  President  of  the 
LoodOD  Astrononiical  Society,  insetted  in  the  second  volume  of  their  Memcrirg.) 

5  Itulc — To  reduce  the  observed  height  to  its  length  at  38°  F.  multiply  it  by  the 
number  of  degrees  of  the  attached  thermometers  above  3S°,  and  divide  the  product  by 
1 1  IbSplui  the  multiplier.  The  temperature  being  below  the  freezing  point,  multiply 
by  the  number  of  degrees  below  39°,  and  divide  the  product  by  1 1 163  raiiut  the  mul. 
tipliet- 

For  the  stationary  barometer,  generally  above  39°  in  these  climates,  we  might  apply 
a  constant  divisor  that  would  cause  the  least  errors  between  Sfi°  and  88°,  It  would  of 
«  eiceed  the  arilhinetieal  metui  of  1 1 151  and  1 1303,  the  divinoti  at  those  temper- 
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with  moisture  counterpoises  0*001  in.  of  mercui*yy  allowance 
beine  made  for  the  .driminutiou  of  gravity  in  the  vertical  line. 

Dividing  26208  by  ttttjj  we  have  2*35,  the  correction  in  feet  for 

one  degree  of  difference  of  the  attached  or  interior  thermome^ 
ters  of  the  two  barometers,  subtractive  from  the  calculated 
height/  when,  as  is  generally  the  case,  the  instrument  at  the 
upper  station  is  inferior  in  temperature  to  the  other.    Substitute 

**^S45b  ^^^  480  ^®  ^^^  mean  rate  of  expansion  per  degree  of  humid 
air,  we  alter  the  2*35  feet  in  conformity  for  other  temperatures 

of  the  air. 

The  mean  value  of  forty-one  degrees  of  difference  of  the  inte- 
rior thermometers  (the  mean  of  toe  detached  ones  being  50^), 
being  equal  to  100  feet,  were  the  artist  to  divide  forty-one 
degrees  of  the  scale  into  100  equal  parts,  making  the  zero  of  the 
new  scale  to  correspond  with  0^  F.  and  numbenng  the  divisions 
upwards  to  designate  them  ^sfeety  we  should  note  at  the  two 
stations  the  number  of  feet  opposite  the  summit  of  the  column 
of  mercury  in  the  thermometer  in  lieu  of  the  degrees,  and  deduct 
their  difference  (the  upper  barometer  being  coldest),  from  the 
altitude  calculated  with  the  observed  pressures.*  When  the 
difference  of  level  of  the  stations  is  great,  the  two  detached 
thermometers  may  differ  considerably,  and  some  little  correction 
should  in  strictness  be  applied  when  the  mean  temperature  of 
the  air  differs  from  50^.  The  diflSculty  of  ascertaining  the  mean 
temperature  of  the  mercury  is,  however,  so  great,  and  the  value 
of  its  dilatation  so  variously  given  by  different  experimenters, 
that  it  would  be  mere  affectation  of  exactness  to  regard  it.  Its 
value  with  the  proper  signs  affixed  is  subjoined. 

Difference  of  the  detached  Thermometers, 

Mean  Temperature  of  the  Air. 

+ 12°  32°  72°  92° 

10°    ....  -1-9  ....  -0-9  ....   +1-2   ....   +2-2  feet. 

20     ....  -4-0  ....  -1-9  +2^3   ....   +4-4 

30     ....  -6-0 -.2-9  ....   +3-4 

40     ....   -8-0  ....  -3-9  ...;   +4-6 

Deluc  imagined  that  it  was  necessary  to  reduce  the  heights 
of  the  mercury,  the  temperatures  of  both  barometers  being  the 
same,  to  their  lengths  at  one  fixed  temperature.  The  error 
being  pointed  out,  jDr.  Maskelyne  demonstrated  that  the  correc- 
tion m  feet  would  be  constant  for  any  given  temperature  of  the 

*  It  is  to  be  hoped  that  our  artists  will  not  neglect  to  substitute  for  the  centigrade 
scale  one  of  this  description,  which  will  enable  the  observer  to  dispense  with  every  cal- 
cnlatfan  whatever  on  account  of  the  unequal  temperatures  of  the  barometers.  M^ith  the 
tallica  weiduJi  fumidi,  the  scale  of  Fahrenheit  will  be  mudi  more  convenient  than  the 
Mi»  wiA  ihe  jeio  at  the  freesing  point. 
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Ranoond  (or  it  may  be  an  error  of  his  translator  iu  reducing 
metres  to  feet)  states  the  contciion  per  degree  C,'  at  the  mean 
pressure. of  the  atmosphere  lo  be  more  than  S-lOOths  of  an  inch, 
and  et^ual  in  elevation  to  more  tlian  3  feet.  The  correct  quaiiti-< 
ti^'areS-lOOOtha  of  an  inch,  and  more  than  4  feet.  The  dlla. 
tationof^TT^  used  by  Ramond  has  been  discovered  to  be  incopJ 
rect  from  a  mistake  in  the  calculations  of  the  experimentcre. 

Granting  the  assigned  values  of  the  dilatation  of  mercury  a 
brass  to  be  correct,  if  we  suppose  one  of  two  syphon  barometeiBJ 
alike  in  every  respect  in  their  construction  to  be  placed  at  adj 
elevation  on  the  side  of  a  mountain,  and  the  other  exactly  421 
feet  above  it,  the  mercury  of  the  instrument  at  the  base  "beini 
constantly  maintained  at  the  freezing  point,  and  that  of  the  suf 
rior  one  at  2 1  "2°  F.  then  would  the  observed  heights  of  the  iri( 
curial  columns  (the  air  being  at  32°)  be  alike,  without  regard 
the  atmospheric  pressures  or  variation  of  the  pressures  thi 

iPported. 
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•xtion  for  the  Aqueom  Vapour  contained  in  the  Atmoapi 

An  atmosphere  of  aqueous  vapour  uniformly  of  thie 
temperature  would  decrease  in  density  in  geometrical  progression 
for  equal  perpendicular  ascents;  but  as  its  specific  gravity  com- 
pared to  dry  air  is  us  10  to  16,  it  follows  that  if  its  density  at 
an  altitude  of  16,000  feet  should  be  found  to  be  diminished  one- 
half,  a  decrease  in  the  same  ratio  of  the  density  of  the  dry  air 
would  take  place  at  an  elevation  of  10,000  feet;  the  pres- 
sures of  the  two  fluids  at  the  base  being  the  same,  and  their 
temperatures  alike. 

An  equal  weight  of  dry  air  being  mixed  witli  the  vapour,  the 
two  fluids  would  exist  as  distinct  atmospheres,  the  particles  of 
the  one  not  pressing  on  those  of  the  other,*  and  consequently 
maintaining  their  peculiar  aiTangement  of  density  undisturbed. 
At  the  base  the  pressure  would  be  double  its  former  value,  but 
as  the  altitude  increased,  this  ratio,  for  the  reasons  assigned, 
would  continue  to  diminish.  Should  the  temperature  of  the 
mixture  decline  in  proportion  to  the  altitude,  the  diminution  of 
the  density  of  the  vapour  would  be  more  conformable  to  that  of 
the  air ; — the  decrement  of  temperature  being  sufficiently  rapid, 
it  might  even  exceed  it.  So  numerous  and  variable  are  the 
causes  tending  to  disturb  any  regular  law  of  the  variation  of  the 
density,  that  we  may  consider  the  mean  density  of  a  stratum  of 
moist  air  as  equal  to  that  of  one  of  dry  air  under  the  same  pres- 
sure, but  of  a  temperature  superior  to  that  indicated  by  the 
detached  thermometers,  by  the  mean  of  the  equations  for  the 
observed  dew-points  at  the  two  stations,  computed  as  pointed 


90  On  fUi,t^\i^{^ifJ<^l^eii^^^^^^  ^.^^^, 

out  at  p.  60,  vol.  X.  Substitutint:!^  these  augmented  temperatures 
for  those  observed,  we  proceed  in  our  calculations  precisely. the 
same  as  for  dry  air.  Wh^i|  we  come^to  the  explanation  of  the 
tables,  the  method  will  be  more  fully  described. 

But /wt^«it^,ai;e  f^ibe  efjuationa  wheu«,tb^  ohaeE.>^ei;,^i^^|^ee^i 
unfuri^^ied  ^wifli^  la  bygromiater  ?  L^plape^  )i  2^  f^}wK^^^lfi^S^^  * 
tigation  of  the  observations  of  Ramond,  tTbattlie  c^ 
humidity  in  the  mean  state  of  the  atmosphere  may  De  made 
(without  t^^ard  to' pressure)  by  addirtg-*oUbe*  «we|?w  of  the 
detactied^th^rmQu^aters  haff  the  equation  for  satur^t^fd/.^k  ^^^p- 
portiQg  at,  that  mean  temperature  a  pressure  of  36  inches.*  . . 

Thei,^e^i[Qe  pf  saturation  of  a  section  of  th6  atni6sp1i^fe*majr 
vary  i^o^sey eral  causes .  It  will  be  greater,  catdris  jl^aifbmjAti 
a  mantin^  tban  an  inland  situation ;  and  in  th<^  mid^t' (if^,i)iiiniicir 
tains,  especiatly  if  marshy,  than  when  surrounding  iaii'^d'p^k 
isolated 


proi 

particiilarly  if  the  wind  sHould  be  from  a  quarter 
quantity  o?  vapour,  from  the  proximity  of  the  sea  ahd  ^fi^  supe^ 
nor  temperature,  shojild  naturally  be  cbngiderableJ/'W^atejalso 
led  to  ipfer  from  the  experiments  made  in  diffef^i^i;' latitudes 
with  the  hygrometer  of  Mr.  Daniell,  that  the  colirecti^  for 
humidity  fihould  be  greater  at  the  same  temperature  for  "eleva- 
tions above  the  sea  not  exceeding  5000  feet  than  for  extraordi- 
nary altitudes. 

Guided  by  these  remarks,  when  the  observer  conceives  the 
atmosphere  to  be  unusually  damp,  let  him  add  to  the  mean 
temperature  two-thirds  of  the  equations  given  in  the  table  at 
p.  60,  vol.  x.  On  the  other  hand,  when  the  air  is  judged  to  be 
in  a  state  of  extraordinary  dryness,  he  may  consider  the  degree 
of  humidity  as  equal  to  one-tliird  of  the  maximum  quantity,  and 
make  his  corrections  in  conformity. 

(  To  be  c(!hiHnu€d.) 

*  The  fonnula  of  Laplace  is  incorrect  fbr  temperatures  a  little  below  0^  C.     The 

augmentation  of  the  dilatation  of  dry  air  I  —  ]  to  — ^  in  order  to  cover  the  increase 

of  humidity  at  elevated  temperatures  beyond  its  mean  quantity  at  (y*  (introduced  in  the 
general  coefficient)  has  the  effect  of  making  moist  air  at  low  temperatures  appear  more 
dense  than  dry  air. 
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A  Synapsis  of  the  Genera  of  Cirripedes  arranged  in  Natural 
Famikes^  with  a  Description  of  some  new  Species.  By  John 
Edward  Gray,  Esq.  FGS.  &c.  > 

(To  the  Editors  of  the  Annah  of  Philosophy.) 

6i.NTL£M£N,  BrUUh  Mfmum,  June  9,  1885. 

Barnacle  and  acorn  shells  first  attracted  the  attentipn  of 
the  older  naturaUsts  on  account  of  the  fables  that  they  were  the 
origin  of  the  immense  flocks  of  barnacle  geese,  as  described  by 
Gerard  and  others,  but  they  .were  afterwards  studied  zoologi- 
cally^* 

Linnaeus  placed  these  animals  together  in  a  genus  under  the 
name  ofLepas,  considering  the  animal  as  similar  to  his  unfi- 
guredy  and  at  present  unknown,  genus  Triton. 

Their  anatomical  structure  has  been  displayed  by  John  Hun- 
ter, Sir  Everaril  Home  (Comp.  Anat.),  Poh  (Test,  des  deux  Siciles)^ 
Cuvier  (Ann.  du  Mus.),  Savigny,  Blainville  (Anat.  Comp.),  and 
others. 

The  zoological  characters  of  this  group  of  animals  have  been 
much  studied  by  Briigui^res,  Lamarck,  Schumacher,  Leach,  and 
Ranzani;  but  it  has  been  pecuUarly  unfortunate  in  having  been 
chiefly  attended  to  by  naturalists  who  appear  to  disdain  to 
consult  and.  quote  the  works  of  others,  or  even  to  use  their 
names,  as  may  be  observed  by  the  following  chronological  list 
of  genera,  with  the  synonyma  of  the  subsequent  zoologists. 

Lister,  Conch.  1685« 

1.  Anatifera.  Pentalasmis,  Hill.  .Anatifa,  Lam.  Pentale- 
pas,  Bldin.    Lepas,  Brug. 

2.  'Balanus.  Monolepas,  X/ei;?,  who  divided  it  into  2  §•  \*Anr 
gipyle,  and  2.  Platipyle. 

Hill,  Gen.  Nat.  Hist.  -1 752. 

3.  Pollicipes.  Ramphidoma^  Schum.  Mitella,  Ock.  Penta- 
lepas  **,  Blainville. 

Klein,  Ostracologia,  1753. 

'4:  Polylepas.    Diadema,  Schum.    Coronula,  part.  Xant.    Co- 
ronula,  Leach. 

5.  Astrolepas.  Coronula  part,  Lam.  Chelonobia,  Saxigny^ 
MSS.  Leach.    Verruca,  Humph. 

6.  Capitulum.    PoUicipes,  part^  Leach  ? 
LiJJNiEus,  Syst.'  Nat.  1767. 

IfCpas  (for  the  whole),  now  abolished,  as  the  other  names 
were  used  prior,  and  this  means  properly  a  Patella. 
L^mdivck,  Jivtrait  du  Cours.  lol2. 
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8.  Malacota.    Branta^  Ocken.  Otion^  Jjeach.  ConJQbpdevma, 
Olfers, :  Auritella,  Biaint^.    6ymnolepa8|  Blain.  DicU  ■.. 
,   9.  SenocHta.    Ciaerafi,  Ijeach.    Gymnolepas,  Blain*   • 

10.  Tetracliia.  'ComA. Leach, 

11.  Verruca.  Clism,  Savigny,  MS S,  Ochthosia,  MmsiaiiL 
Creusia,  Lam,  ^,:  \ 

12.  Dimiema,    Goronula,  XeacA. 
Leach,  Ency.  Brit.  Sup.  1819. 

13.  Acdsta.    Balanus^  Blainv.  Sow.  ;. 

14.  Cfeuria.  ,  ,.  >, 

15.  Pyrgonlaf  SavigPiy,  MSS.    Creusit^  Blain.  •.■'•' 

16.  ScaipeUum.    Polylepa8«  BlaiH.  ■'■•.} 
There  are  several  other  genera  named  by  thianaturaliaimttie 

collectiou  of  the  Museum^  but  they  are  without  characters*''    < 
Say,  /ottrif,  Acad.  N.  S.  Phil. 

17.  Conoplea.    Mesula,  Leachf  MSS.    Balanus,  Lanu 
Sowerby,  Geiiew. 

18.  lAthotrya.    Ahm,  Leach,  MSS.    LUkeitftm,  BhUn.  . 
Ranzani,  Meni.  di  Stor.  Nat. 

19.  Chthalamus. 

20.  Cetopirus.    Coronula,  part,  Lam. 

21.  Asemus. 

This  clasB  of  animaU  has  been  confounded  by  most  authors,  as 
Guvier,  Dumeril,  8cc.  with  the  Mollusca;  indeed  the  latter  first 
separated  them  and  the  Brachiopodous  Mollusca  into  a  group 
from  the  rest  under  the  latter  name,  but  they  were  very  properly 
distinguished  from  these  animals  by  Lamarck,  and  eonsiaered 
as  a  distinct  group  between  the  Annuiosa  and  Mollusca.  Latreille 
considered  them  as  Annelides,  and  Mr.  W.  S.  Mac  Leay  has 
lately  pointed  out  their  position  to  be  an  annectant  group 
between  the  Crustacea  and  the  Radiata.  Their  affinity  to  the 
"Ibrmer  is  striking;  it  is  not  so  apparent  with  rtsard  to  the  latter, 
but  this  will  most  likely  be  more  obvious  when  they  become 
more  completely  known. 

Class. CiRBIPEDES. 

J _  

Lepas,  Triton  1  Ltn.  Nematopoda,  Blain.  Cinipoda,  Lam. 
Braohiopoda,  DwmenV.     Cirripeda,  Lam.  Hist. 

AfdntaL'^oody  soft,  conical,  ending  in  a  slightly  ringed  tail, 
inclosed  in  a  fleshy  sac,  which  is  open  at  the  hinder  or  anal 
extremity.  Le^s  six  pair,  placed  on  the  side  of  the  tail,  each 
ending  in  two  compressed  jointed,  homy,  and- often  ciliated 
^pend'ages;  Protected  by  a  shelly  case,  formed  of  a^-€^rtain 
numbec^afBbeHjrpIaMs^wl^iob  surround  the  body  more  or  less 
completely. 
Head  not  distinct,  eyes  an4;tentacu\anoTie.  ^«no\A%^%tem 
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f  consisting  of  a  longitudinal  series  of  ganglia  united  h^  a  double 
{«43ord,  and  several  scattered  ganglia. 

Mouth  placed  at  tlte  base  (or  attached  part)  of  the  animal, 

furnished  with  three  pair  of  hgrny  jawa.     Alimentary   canal 

,  ^mostly  simple,  vent  situated  at  the  base  of  the  proboscis-like 

^Ittrminal  tube.   The  gills  pectinate,  one  on  each  side  at  the  base 

k  9f  the  anterior  pair  of  feet, 

I       Hermaphrodite,  oviparous,  the  aperture  of  the  organs  of  repro- 
duction placed  at  the  end  of  the  proboscis-like  tube. 

Attached  directly,  or  through  the  medium  of  a  tendinous  tube, 
to  marine  bodies.  Living  on  small  sea  animals  which  they  col- 
lect by  means  of  their  legs.  Growing  very  rapidly. 

Linnaeus  considered  the  whole  of  the  Cirripedes  be  one  genus. 
-"Ae  French  naturalists  generally  look  upon  them  as  an  order  of 
\  moUuBca,  but  Mr.  W,  Mac  Leay  has  lately  proposed,  I  believe 
fery  properly,  that  they  should  be  regarded  as  an  annectant 
Jjass'^iiiiilar  in  rank  to  the  Amielides,  Tunicata,  8ic.  Classes 
■V|re  usuallydividedintoorders,  but  on  account  of  the  small  num- 
\\^T  of  genera  at  present  known  in  this  class,  I  have  thought  it 
V^ght  to  follow  theplan  used  by  Mr.  W.  Mac  Leay  in  his  excel- 
lient  paper  on  the  Tunicata,  just  published  in  the  Linneaa  Tranr 
\  sactions,  and  to  divide  it  into  Families. 

Lister  divided  this  group  of  ajiimals  into  two  genera,  calling 

.  Analifera  and   Balanus.     Bruguieres  followed  him,  "but 

inged  the  former  name  for  that  of  Lepas.     His  genera  may 

f[bB  considered  as  the  primary  division  of  the  class,  and  the  for- 

ler  appears  to  be  the  Normal  group. 

Synopsis  of  the  Families. 
_>  Body  compreised,  peduncled.    Anatifera,  List. 

Peduncle  nated, , ,  Anatipericjk, 

•  Peduncle  scaly  or  hairy. PoLLicipEoipiE. 

II,  Bodi/ coronal,  sessile.    SalanuB,  i<is^ 
Operculum  valves  articulated. 

Base  concave Pyrgomatid^;. 

~     3  Sat  or  none. BAi.ANiDiB. 

Operculum  valves  separate. Coronulid^. 

^  1,  Normal  Group? — Body  oval,  compressed;  open  on  the 
tosterior  ventral  part,  and  prolonged  to  be  fixed  into  a  fleshy  pe- 
^ancle ;  shelly  valves,  five  or  more,  imbedded  in  the  coriaceous 
J  not  articulated  together,  increasing  by  addition  to  their 
hols  edge. 

,  Fam.  1.  Anatifebid;e,  Grai/. 
Body  compressed  J    shelly  valves,   five  or  eight ;  one  pair 
faiod,  and  one  or  two  pair  before  the  legs ;  one  plate  on  the 
boek  (rarely  divided  across) ;  sheath  of  the 'pedii(\d6smciQ'0&-, 
destitate  ofadditioaal  scelI^w 
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^Body  subcompressed ;  shelly  plates  smiUI.  •■  .   i » ?  o*T  .?: 
Gen.'l.  Majl4Cota,  Sckum^{n.  8.)  '    -  .1-.  vflariPi 

Body  club-Fhapedy  "with  two    eyUDdrical  fl«^'|^c^iiy 

behind  fj  us  1 4^  ve  the  posterior  shelly  plate«k  ■         ^    -'-i.Tnot 
M.  bivalvis,  Schum*    Lepas  aurita,  Cifvien  .  t   t  -.i^voot 

2:  Pamina,  Grdy.'  '  ".   y     •     .. -^  ,7,^.  V,  ' -.1 

Body  cldb-shiap6(i,  with  a  cylindrical  flieshy  pfooesi^  b|^^ 

between  the  posterior  plates.  '    ^^^''' 

P.  triUneata^  Gray.  Mus.  Brit.  ,....:.;  r  .^  ,•  j    ^ 

•  3.  8iEN<>€iiiTA,  ScAnm.  (n.  9)-  .     - -^  viiidci 

Body  dah-^haped,  attenuated ;  hinder  patt^  siiaplef  >:- ^^^'  ^^^^ 
S.  fasciata^ iSc^tim.    Lepas membranaceai  Mdrntagtiet.  i^ -ii-"^' 

** Body  compressed;  shelljn  plates  large.  '.■.,.. ^L  .^f 

4.  OcTOLASMis,  Gray.  /     .;..   .-iiA 

.  ,,.]^^y  subcompressed ;  shelly  plates  eijght  amaUi  ih^^ffi|e 
p^irj^p^^two  dorsal ;  the  posterior  valves  hnearpyaiqjj^n 
lor  the  end  oif  the  linear  ventral  valve;  lateral  c^.ti4i^M{ii^ 
triangular ;  dorsal  valves  two,  meeting  at  the  angle  of  &e  bacK 

0.  Warwickii,  Gray.    Heptalasmis  Warwickiij  LeatkllMSS. ; 
bttt  it  has  ceitainly  eight  valves.  Mus.  Brit.  -  ■  vH^d'S 

V  ^vAkatifbea,  X«Ver(n.  1).  ;'/vVpJ 

<  ;Bodyxompressed^.  shelly  plates,  five/ larger  two  pairlaJbe^ 

and  bne  dbrsal ;  lateral  valves  subtriangular ;  anterior  jmii;|:^cagf 

Jarge  ;,  dprsal  valve  incurved.  ^  <r 

'.' f  Valves  submembranaceous,  dorsal  one  angulated^igi^i^iy^e 

SJbr/.     Dosima,  Gray.  J  0   a 

^  B.fascicularis,  Gray.    Lepas  fascicularis,  Montague.:  J^  ^j, 
ff   Valves  shelly,  furrowed,  dorsal  one  rounded^  peaimffesfyfA. 
A.  sulcata,  Gray.    Lepas  sulcata,  Montague. 

'•:  Hrfy^thies  shelly,  smooth;  dorsal  one  rounded:  pedmscl^lbng. 

...A.  vulgaris.    Lepas *anatifera,  Lf it.  ■    .v/iv\'^^:\ 

,    jPom..  IL  PoLLiciPEDiD^,  Gray. 

Body  compressed ;   shelly  valves  distinct ;  peduncle  cOfia^ 
ceous,  covered  with  hair  or  shelly  scales.  : .  ;:^> 'i^i 

^Shelly  valves  smooth,  placed  one  above  the  other.  .  tAyv^i^ 
wood,  or  on  other  marine  bodies.  ^       .  .  -Tr> 

1.  ScALPELLUM,  jLeacA.(n.  16).  .  i..i^    Jl" 
Shelly  plates,  13.     Lateral   plates  six  pair,  subi^ai^g^l^ 

dorsal  one,  linear  kneed ;  peduncle  annulf^ted^  witjji  sj^^tj^^]^^ 
1,  S.  vulgare,  XeflcA.  Brit.  Mus.  '"^  ' '."         * 

2..  Sivnjauw,  Leacfh  without  chjiapt^^^^ 


ventral  atijC.ig??^!  aj^^ri^^^^  riftt^,^uis^pgulftf,^^^^ 

plate,  Une^  |u^.i,.TCd^^  ^p^^j  ^mBhsiHuO  J 
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3.  PoLLiciPEs,  Hiil  (n.3). 

Shelly  plates,  33  or  35.  The  posterior  and  posterior  vential 
«BFf,-Bttf  dorsal  plate  large;  the  rest  (14  or  15  pair),  small, 
Kirming  two  or  three  series,  the  hinder  ones  largest ;  peduncle, 
covered  with  shelly  scales,  bald. 

1.  P.  cornucopia.  Leach.  Lepas  poUicipee,  Lin,  Ramplii- 
dojOKSr^ vulgaris,  Scjium.  P.  Smitbii  is  not  distinct  from  this 
species. 

4.  Calantica,  Gray. 

Shelly  plates,  15.  The  posterior  and  posterior  ventral  pair  and 
the  dorsad  plate  large;  with  eight  smaller  scales,  forming  one 
series,  of  which  the  dorsal  and  ventral  are  the  largest  j  pe 
duncle  scaly,  covered  like  the  shelly  plates  with  hair. 

C.  Homii,  »o6.  Pollicipes  tomentosus,  LeacA,  (descrip.)  P. 
.liispidus,  Leach,  (plate). 

'  I  have  dedicated  this  extraordinary  species  to  Sir  E.  Home, 
•^pho  has  most  carefully  examined  the  structure  of  the  animals 
of  this  class. 

5.  Capitulum,  Klein. 

Shelly  plates,  34.  The  posterior  and  posterior  ventral  pair, 
large,  subarticulated ;  the  lateral  medial  pair,  and  the  dors^ 
and  ventral  plate  middle  sized,  long  triangular ;  with  a  series  of 
'^3  pair  of  small  plates,  at  the  top  of  the  peduncle  ;  peduncle, 
'tcajy,  bald ;  shelly  plates  sobsulcated. 

This  genus  appears  to  be  intermediate  between  this  and  the 
next  section.  I  do  not  know  its  habits  ;  it  niay  be  Lithophagous 
or  a  Lithodome.  Rumphius  is  the  only  author  who  has  figured 
its  peduncle. 

C.  Mitella,  Gray.    Lepas  Mitella,  Gmelin. 

**liheUif  valves  transversely,  acutely,  and  revenedly  siilcafed, 
forming  one  series.  Forming  or  living  in  holes  in  rocks,  shells,  &c. 

LiTHOTRVA,  Sowerby  (n.  ItS). 

Shelly  valves,  eight;  two  pair  lateral,  one  dorsal,  one  ventral, 
and  a  series  of  mmute  shelly  scales.  Peduncle  short,  thick, 
reversed  conical,  with  a  hole  at  the  anterior  part  near  the  attach- 
ment; attached  to  a  concave,  irregular,  shelly  valve.  Living  in 
boles  in  rocks,  perhaps  formed  by  itself,  as  the  irregular  plate, 
appears  to  move  gradually  down  its  side. 

L.  dorsalis.  Sow.  Lepas  dorsalis,  Bllis,  Absia  Lesuerii, 
XeocA,  MSS. 

Mr.  Sowerby  only  describes  seven  valves. 

Ibla,  LeucA,  without  character. 

Shelly  valves,  four ;  posterior  pair  elongated,  slightly  curved ; 
rentral  pair,  triangular  short;  peduncle  cylindrical,  contracted 
lear  the  attachment,  covered  with  hair-like  processes. 

I.  Cuvieriana,  Leach,  MSS.  Valves  transversely  annulated, 
lanuDS  pointing  totvards  the  peduncle.  Mui.  Brit,  '^H 
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Go  NCH0TBTA,  Gray. 

Shdlv  platto,  fire ;  two  ]patr  T^dtral^  And  dne  jdUfce  defiAl ; 

peduncle ?  '•-       ' 

liv^s  in  holes  in  shdls.  '-'  ' 

C.  Valentiana^  Gray.  Shelly  plates^  thick>  transvetselj  farnidk  '■ 

}ated. 

lohabito  Red  Sea  in  the  Talves  of  Ostrtu  Cuemttata^  Bom| 

Lord  Valentia.  '"■■'''•■ 

Brtsnjeus,  LeacA,  without  character. 

8hJ!iI!y  plat e«>  ikf^n ;  thre«  pair  Idt^tal,  and  onb  rAvi  doi^al. 
Bddy  cylindrical  eoiiidal.    Peduncle  ot  baftfe  ^^ — :::.i:*? 

Living  in  holes  in  stohy  torals ;  th^  holeit  are  dead  with^titt 
any  shelly  depbsit. 

Id.  rodiopus,  Leaeh^  Shelly  ralve^^  all  tfansreiihsely  1tuii(^lW« 
Mus.  Brit.  ' 

II.  Arinedant  Group?  Bddy  cdilical,  ttylittdrical.  SU?% 
valves,  four,  or  six,  or  eight,  articulated  together  lat^Htlljfj'iiip 
sometimes  to  a  shelly  cup,  called  the  support,  which  closes  the 
front  of  the  shell,  the  hinder  part  closed  by  an  operouiain:foisned 
of  two  or  four  valves,  which  leave  an  aperture  for  the  i>as8aga  of 
the  feet;  the  shelly  valves  increasing  only  at  their  broadest  or 
anterior  edge.  Attached  immediately  to  or  imbedded  in  maiiflie 
bodies. 
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Obs.  The  operculum  appears  to  repteseilt  the  posterior-  and 
posterior  ventral  valves  of  tne  former  group. 

Fam.  lit.  Pyrgomatid^,  Gray. 

Body,  four,  or  six-valved ;  operculum  four^valvediy  €iUiqtte, 
valves  articulated  together ;  base  shelly,  concave,  cup-shaped* 
lining;  imbedded  in  zoophytes. 

Each  genus  of  this  family  appears  to  be  peculiHX*  to  a  ecflttfn 
genus  or  group  of  zoophytes. 

^Shelly  valvti  of  the  body^  four,  sometimes  united  togethi^\ 
Lif  itig^biiried  iti  stony  eohtls. 

1.  Pybgoma,  Sdvignyj  MSS.  Leach  (n.  16). 

TtidVes  of  the  body  of  the  shell  4,  soldered  together ;  fiiheaih 

of  the  operculum  very  small ;  operculum  conical,  fbtbr-valveiHi 

ventral  valve  linear,  posterior  talves  hobked  harrow  triangular. 

P.  cancellata.  Leach.    Shell  radiatelv  ribbed.  '    '      ' 

P.  lobata.  Gray.    Shell  con(Sentrieli%  ifttttated>  dee^fi^d. 

2.  Dabacia,  Gray,*  Savignlttm>iJeacA>  without  chaAbtiftf^  * 

Valves  <n  tfee  body  ol'ihe  sliell^  fouTji  9old,er04  toget)i^, ,  ^|lji^^9^ 
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mf  the  operculum  none ;  opercuium  convex,  two-valved,  the 
Stiitral  and  posterior  valve  of  each  side  being  soldered  together, 
a  D.  Linnsei,  nob.     Esper  Zooph.  Madrep.  t.  S5. 

Obs.  Linnffius  describes  this  species  as  part  of  his  Madrepora 

^oiygama,  and  appears  to  take  the  name  from  his  behef  that  the 

^ral  was  inhabited  by  two  kinds  of  animals. — (See  hiii.  Sm. 

'"«.  1276;  Jim.  ^cBrf.  iv.  268,  t.  3,  f.l5;  Esper.  Zooph.  \.  29; 

yddaert,  EUnch.  Zool.  324.) 

LS.  Mkgateema,  Leach,  without  character. 

r  Valves  of  the  body  of  the  shell,  four,  soldered  together;  sheatb 
^  the  operculum  nearly   as   long   as  the  valves;  opercalurai;", 
oici^f  iour-valved,  valves  subtiiangular.  ; 

^^u^ort  of  the  valves  immersed.    Valves  finely  striated.     ...   ^ 
iX^tpkeaii,  Gray.    Mvs.  Brii.  on  Fungia.  <i 

^Yaives    cmtuex ;    support    of  the  valves  conical  ejcstrle^^f 
in&.    Leach,  no  ch&racter. 

"[.  A.  Anglica;  valves  and  support  radiately  grooved,  ap^ 
jentricalK'Btriatedi  Devonshire,  Mm,  Brit,  on  a  new8pe!^ifi((,,r 

F  M.  Creusia,  Leach  (n.  14).  ■  '    '"'"'t 

t  Waives  of  the  body  of  the  shell  4,  distinct;  sheathof  Iheo^/rt-i'- 
nriHm  nearly  as  long  as  the  valves;  operculum  conical,  foiii"'' 
Imd,  Talvee  triangular.  i  Jn^ 

.+JJa«  canvea;,  prominent,  lilting  on  the  coral;  shell  comiex.  ibid 
.  &.BpiBuioGa,  Leach.  Mus.  Brit.  "J' 

>  Dr.  Leach  describes  the  valves  of  the  operculum  bb  soldei^^ 
tto  and  two,  but  they  are  not  so  in  the  Museum  specimens. 
f^i^-Bosc  sunk  in  the  coral;  bodi/  of  the  shell  nearly  JiM. 
^.CiChildreni,  nob.  Mus.  Brit.  ' 

a,Sheltyoalves  of' the  hodif,  six.     Living  in  or  on  the  ^ui£e^ 
If  horny  or  barked  zoophytes.  .'^ 

■    5.  CoNoPLEA,  Sfl^f  (n.  16).  ,,,,-. 

k  Body  short ;   valves  six,  elongate,  distinct,  truncated ;  ven-  ^ 
kl>  dorsal  and  lateral   dorsal  pair  large;  lateral  ventral  pair 
mall ;  operculum  conical  pointed,  four-valved.     The  base  elon- 
^te  keeled.  Attacked  tolfie  stems  of  Gorgonix. 
'.  C,  elongata,  Say.    The  base  elongated  behind.    IJ.  Ame- 
'.     B.  galeatus,  Ginelin.  ,  , 

.  C.  ovata,  nob.    The  base  ovate.     Africa. 

6.  AcASTA,  i-eac/i  (n.  13). 

Ciohular;  valves  six  distinct)  long  triangular;  apex  acute; 
e,fent>ral)  dorsal,  and  lateral  dornal  pair,  lai^e;  the  lateral 
Sitralpair,  small;  operculum  conical,  acute,  four-valved.  Base 
iftiristtherical.    Imbedded  in  uponges. 

■  1.  A.  Moiitagui,  Leach.     Lepas  spongiosa,  Muiitii^ue. 
fc-tA>"laBVigata,   Gray.    Shell  subglobular,  yeUow^  UBOnaedi 
1Vlf8  -ftnely  coocentricEtlly  stria-ted ;  the  TvtifVii^,     4^^^H 


valvedy  oblique,  valves  articulated.  Base  none,  or  shelly,  inihA^ 
ting  the  substance  to  which  it  is  attached.  Attached  to  all  sorts 
of  marine  bodies.    ,  ' .   ^r.  -  i . » .  ,-  i>   *;  0  .  V'  .i^x\{^ 

Body  conical;  six-valved;  operculum  conical  acute,  ,¥S^ 
valved. 

JB.  Tintinnabulum,  Bnig.  v  A   .j  :\{y.\^.v-,ivyT  A 

^thiEfaereDope  ^ticocftpeoves  ia  the  Museum  QtenediStotn^'fif^y 
Dr.  Leach,  which  in  the  dissected  specimens  haV«tL<Ml]rdftj|V 
valves  displayed,  by  which  character  tne  I>r.  mpstpiVK^l/lin- 
tended  to  separate  this  genus ;  but  on  examining  the  other  speci- 
mens, the  six  valves  are  very  distinctly  "to  be  siB6il^4k9  tfaft  tBey 
fmtrm'^&lani:  ^^Tb^  opdrctfla  appc^ar  dd«trij  ii«*iiimts^c/aey 
ms^i^^  ^i4l«(i^  is  intended  by  the  foH^wilig'  geMsyriirhjifaria 
nave  not  seen ;  this  idea  is  strengthened  by  one  of^^it^^pc^cbtv 
beibi*ftoi«'»i(i^lyv  >  •:^-  •  .•.^/v^V^  ..sai.^bijiaf 

^^^Mfi^rtfs,  Rdniani  (li.  20).  ^ '   '''   -^*;'^^  -^^  -'^ 

;  valves  six;  area  very  prominent,,n9ftHT 


Ktterhal  j^late  short ;  base  mebDtaiia6^dj^^''j^^ 
nearly  equalW;  four-sided ;    operculum  somewhat  pytt^I^bfl 
four-valved,  norkdht^lly  attacned  by  a  membrane  to  TOi%iiioirth. 
C.  steUatus,.j8aii«.    Poli  Moll.  t.  5,  f.  12—17,  .^,    .,. 

c  hfiAjfiiMF^, j^lt9»  or  eight  valved ;  valves  unequal ;  suksiancio  i^en 
thick,  pil^^^:  base  none.  i.:*vi>i«:u- 

t  bOid^t^*M:kftiB,  Sowerby.  ^^ '  j  /I 

.i^^B(Bb]^^dp49B0edv;  conical ;  valves  eight,  thick^*  opcavultim 
subcorneal;  four-valved.  ..  i  M/..v<id   C> 

dieft.^acto^hbnrii.  Gray.  Africa?  .*o.*iT 

.idtitliyLv^ifi^ii  4his  shell  in  the  shop  of  Mr.  O.  Sorwetby^^hb 
is,  I  understand,  about  to  describe  it  under  the  above  .genianB 
name.  .,    >     *. 

Body,  conical;, valves  four;  operculum, four-valfM^^of  o^ud 
^  bs+jA-ft^WJU**-  iRaj^z0Hi :,  sutures  of'  the  vah^  indistinct.\   \^     r 

10.     C.  porosa.  Leach?  vu^v^   ,;.ii  ...rrrfi.^T  i<\u:k 


Tetraclita  squamulosa,  Schum.     L.  Jungites,  Chim.  ^\^.^ 
^foSdSib  gOTUll/K     jitOO.tjr;   ,i^}/ixi'/  v'i'.^t^^     ..v^vi'O  j^'viaA  .K  .8 

Verruca,  Schum.  n.  11.  -eiqjiiif? 

'^illdi^  ItetMIMMHB^  diftiiQivifNtt^  I  t^etf^&ldttiftepSmiMated  ; 
aperctuum  coov^x,  four*valved ;  valtes  soldered^  2  and  2« 


y.llftTaagedm  Natnral  Familks. 


Stromii,    Sckum.      Balanus   striatus,    Pen^    Br^,    Zool. 
rdisife  striata,  Leach.     Crenaia  Stromia  ?  and  C.  verruca,  ham. 

!V    .  i   ■-  . 

'  Fam.V.  CoRONVtiDm,  Gray. 

Body,  conical,  or  cylindrical  jaix-valved;  valves,  cellular;  opeN 
'"Wrt^fiiTiT-Talved,  horizontal;  valves  imbedded  in  the  tunic 
lot  articulated) ;  base  none,  or  membranaceous.  Imbedded  in 
attached  to  the  organic  parts  of' sea  animah,  as  whales,  turites. 


1,  Tdbicinella,  Lam.  (n.  7).  ii  uui'ri  I  .H 

idy-  -cylindrical,  or  firont  rather  cootractedi   spsrcidttm^ 

hfes'dimial,  ■'■■■  ■ '    ''J 

ii>T('tt*chealis,   Lam.  i' 

^2j  PoiYLEPAs,  Klein  (n.  4).  ,h 

vsBody  subdepressed.  Mouth  nearly  circular;  valves  reigi; 
QiidkV'Outaide  lobed,  inside  many  cells;  operculum,  posteiiov 
»lilre^  largest.  m 

tDiadema,  Schum.     Convex,  front  of' the  cavity  sxmtractedt    \ 
P.  D.  Kleinii,  Grat/.   P.  BalfflDaris,  Klein.    Lepaa  Diadema, 

^jj^T^Cetopirus,  Ranz.  Depressed,  front  of  the  cavittf  tcar^fb/ 
'^ —graded.       _       _     .  _  .  .  J  ,;^    j^^;^ 

'.,^.Q.  vulgaris,  Gray.    CoronulaBalseuans,Xii»t.    i^^,[cy  .^t^ 

J,. 3.  Platylepas,  Gray.    Coronula,  Ranz.  part  XJam'.    ' 
MlQody  d^ressed.     Mouth  ovate.     Valves,  outside  two-lc^d; 
~^i<le  celled,  midribbedi  operculum,  valves  nearly  equal. 

P.  pulchra,  Gray.  Shelly  valves  hnely  transversely  strialid ; 
qEDturcsBtnooth, Corsica.  Mus.Brit,  Chelonobia, species,  X'eAcA, 
C.  bisexloba,  Ranz. 

This  genus  is  very  interesting,  as  being  exactly  intermediate 

Ulween  Polylepas  and  Astrotepas :  it  has  the  cells  qf  th^  toFi^er, 

and-the  form  and  opetculum  of  tiie  latter,  . .;  „„  i  ^^i 

4.  AsTHOLEPAS,  Klein  {n.  [,). ^  -"°"" 

Body  depressed.     Mouth  six-sided.    Valves  thick,  Sbbitfiid, 

e  toothed,  rugose  ;  operculum,  valves  equal.  '■* 

.  A.  Testudinnria,Gray.  Shelly  valves,  radiatelysubstrlated; 

^rtsi  distinct,  simple.     Balanus  Testudinaria,  Un.     Cfiro- 

'a  Testudinaria,  L<im. 

J.  A.  rotu/iddriiis,  (irrii/.  Shelly  valves,  smooth :  sutures,  wide, 
insVei^e^lv  pitted.     Balanus  rotundirius,  lAii.     A.  Testudina- 

.  lievis.  Gray.     Shelly  valves,  smooth;  sutures  distinct, 

^^A^jdy^tt)llf%^fi^y ;  ^nd  oo  the  filjipeuB  of  the  Kiog 


Gi«b,  wittiBQftt  probably  form  a  neir  genus  of  4hii  fiuttilj; :  kis 
curiouB  M  not  being  parasitic  on  rertebrated  animals*  •  Liunre 
found  another  exception  in  A.  lavis^  living  on  a  specixxMOigf 
Volutaporcina. 

The  affinity  which  exists  between  the  families  of  thisgmup 
is  not  very  apparent  at  first  si^ht;  but  upon  examioatioHy  the 
passage  finom  erne  to  the  other  is  very  striking,  and  sometimes^ 
IB  Tetj  difficult  to  decide  to  which  family  the  genera  should  be 
refenwdy  as  may  easily  be  imagined  when  I  state  that  both  I)iU/ 
Leach  and  Blainville  placed  the  second  section  of  the.  Anat^e^'^ 
rida  VLB  genera  of  the  family  Pollicipedicla,  and  several  of  toe . 
second  section  of  the  latter  family  are  so  exceedingly  allied.,  to  , 
the  Pyrgomatida  both  in  their  structure  and  habits,  dial  I  luas:: 
venry  doubtful  to  which  family  they  should  be  referred,  oorwllais 
I  satisfied  till  I  had  reason  to  believe  that  Lithrotrya^  wbicji. 
has  many  of  the  characters  of  PoUicipes,  was  lithophagous,  and,. , 
therefore,  agreed  in  habits  with  Bfisnaais  and  ConehottyUf  Ae  .. 
genera imder consideration.  <    .      .i- 

.Thus  the  transition  of  the  PoUicifedidtR  of  the  fir^  group-tta 
the  Pj/rgomatida^  of  the  second,  appears  very  natural,  but'  tlie 
geims  whidi  forms  the  junction  is  yet  wanting,  for  the  last 
genera  bf  the  former  family  may  be  known  from  the  genera  of 
the  PyrgnmaiidiB  by  their  always  appearing  to  form  themselve* 
(byichsmroal  action  most  probably)  the  holes  which  they  inha- 
bit, whereas  the  cells  in  the  corals  inhabited  by  the  latter  fantiLy.^ 
are  caused  by  the  animal  raisitig  up  its  body,  and  adapting  itself, 
to.  the  growth  of  the  zoophyte  to  which  it  is  attached,  which 
in  fact  often  ov^runs  and  destroys  it.  The  passage-  from 
ih^' P^i^omatid^e  to  the  Balanida  must  be  very  evidc^wben 
bo&«  BlsaHville  and  Mr.  Sowerby  have  placed  the  genus  il^n^l^  r 
and^Lamafdc  the  genus  Canopleaj  both  of  which  have  evidently 
tbe^hwbita  of  the  Fyr^miatida  as  species  of  the  genus  BahnUHi 

.The  genus  Tetraclita  of  the  second  section  <h  the  Salanidm 
wants  the  sheBy  base,  and  has  the  cellular  structure  of  the  valves . 
which  is  so  peculiar  a  character  in  the  Coromdida,  which  also 
has  only  a  membranaceous  base. 

Another  peculiar  character  of  the  latter  family  is  that  the 
valves  of  the  operculum  are  small  and  distant  one  from  another, 
and  simply  imbedded  in  a  membranaceous  tunic,  which  pro-, 
tii^des  considerably  beyond  the  mouth  of  the  shelly  valves :  noW> 
as'Ihave  Wfbre  observed,  as  there  is  reason  to  believe  th^t 
the  valves  of  the  operculum  are  analogous  to  the  posterior  ai^d 
pos.^ri^or  ventral  valves  ohkeAnati/erida,  th^re  must  be  ap  eyideiit 
r^eiqblance  ia structure  between  the  genera  of  the  fijr^t^ecl^pa. 
of  t&e  latter  jtamily,  where  these  valves  are  exceedingly  sip^l^^d 
the;  jte^jsr^f  of  (^qronulidoi.  But  this  is  only  an  ^nity  of  j^en^ral^ 
stTj^c^ii^f^t  t^e. genus  1  between  £hese  fanuues^^s  |^ 

B  aeiikersiiumi  ibr  the  nearest  api^coxmaXiock  vA^xOev  1  tuwc^fr  ot 


'  I 


ISSC]  urrangtd  in  Natural  JbmiXb. 

it^pesent  is  between  the  genera  Malacota  and  Tubicimlla^  b«ttl'}' 
d'which  are  eubcylindrical,  although  one  evidently  belongi  to  t!t8' 
eowpressed,  and  the  other  to  the  depressed  group  of  the  class.'   ; 

The  families  are  susceptible  of  seTeral  inethodsof  division,  bub 
tlMtttibed  by  Lister  appears  to  be  most  natural :  thus,  in.  Artati- 
fefi4tc  atid  Corntmlide,  the  base  and  support  of  the  valves  is 
edty  K  <tbin  naked  membrane ;  while  in  the  other  three  families,  , 
it » taxtte  or  leas  shelly ;  for  although  it  is  flexible  in  Pollicipt-^- 
iMs^  its  Aurface  is  always  covered  with  shelly  scales,  and  ajkn 
Pjfrgamaiida;  aaA  Balanida,  it  is  as  completely  shelly  as  itltaJ 
THWs  "Of  the  body  tJiemselves,  and  the  valves  of  the  operculiwi- 
tre^tttcii^ted  together,  and  most  accurately  fit  the  moutlt  of^a 
Ito -shells.  '   mli 

Vhe  older  naturalists  were  inclined  to  make  too  few  species  of-' 
this  class;  but  the  modern  ones,  in  avoidingtbis  fault,  have  gofi*  I 
tolAc  other  extreme,  by  making  too  many.  There  is  a  vxiyd 
larg^  collection  in  the  Museum  named  by  l>r.  Leach,  bttkt' 
nearly  ail  his  names  being  new  (and  often  two  or  three  to  thsig 
sane  KpecieB)t  without  the  slightest  reference  to  those  of  othir 
authorsi,  ihey,  therefore,  cannot  be  adopted  without  great  elEsil} 
minatioa.  The  species  are  not  very  easy  to  determine,  aa  iht^'% 
sbelly  plates  of  the  AnaitferidiB  and  Pv/lic'ipildida  are  exceedii^jp^ 
apt  to  vary  both  in  their  form  and  surface,  even  in  the  indiridi&wii 
wtfae  Eatue  gronp.  The  shells  of  the  Balatitdte  are  alsogreatly  ^i) 
tend  in  their  general  form  by  the  closeness  of  the  neighbouiiagid 
BptetaieDS ;  when  close  they  become  elongated  (thus  B.cyiindMKn 
cem),  and  when  scattered  they  are  often  depressed  and  Bpt«ii^)I 
oufeflt  the  base.  The  surface  of  the  valves  is  also  altered  by  theii 
Btmelttreofthesubstance  to  which  they  are  attached  thus;  ibavsft 
aBamacleon  aPecten  whichis  transversely  ribbed, and  anothsB^i 
on  apiece  of  wood  where  the  surface  has  all  the  HneG  of  thai  j 
grain  marked  on  it.  The  species  of  the  PifTgomatidcE  are  ofteaf  J 
overrun  by  the  corals  in  which  they  hve  and  are  thus  destroyed| 
and  rendered  almost  useless  as  zoological  specimens. 


Ijoj:         I 


Article  HI. 

Eetplanation  of  an  Optical  deception  in  the  Appearance  o/*, 
■l^kesofa  Wheel  teen  through  vertical  Apertures.    By  P.  Sf^i; 
iRoget, MD.  FRS.»     (With  a  Plate.)  , ,;, 

A  |i:t"Rious  optical  deception  takes  place  when  a  cartial^  ■ 
wMiStel,'  .'rolfihg  along  the  ground,  is  viewed  through  the  intervals" 
of'A'^e'rifes  of  vertical  bare,  such  as  those  of  a  palisade,  or  Ot'i  ' 
Veii^tian  window-blind.  Under  these  circumstances  the  spokris 
o('the>;l('^^l;  inaleati' of  appearing  straight,  as  ftiCy  ftauXft.'ftaJ^" 


'MB  Or.  Rt^'t  EsplaiuaioH  of  \^vc, 

ni^y  doif  nobttsinterreaed,  leem  to  have  a  considerable  degree 
of  curvature.  The  dtatinctness  of  this  appearance  ia  in^aenced 
by  several  circumstances  presently  to  be  noticed;  bat  when 
every  thine  concurs  to  favour  it,  the  illusion  is  irresistible,  and, 
from  the  difficulty  of  detecting  its  real  cause,  is  exceedingly  ' 
striking. 

.  The  de^ee  of  curvature  in  each  spoke  varies  according  t<y  the 
situation  it  occupies  for  the  moment  with  respect  to  the  perpen- 
cbcalar.  The  two  spokes  which  arrive  at  the  vertical  position, 
above  and  below  the  axle,  are  seen  of  their  natural  shitpe,  that 
is,  without  any  curvature.  Those  on  each  side  of  the  upper  one 
appear  slightly  curved ;  those  more  remote,  still  more  so ;  and 
the  curvature  of  the  spokes  increases  as  we  follow  them  down- 
wards on  each  side  till  we  arrive  at  the  lowest  spoke,  which, 
like  the  first,  again  appears  straight. 

.'  The  most  remarkable  circumstance  relating  to  this  visual 
deception  is,  that  the  convexity  of  these  curved  images  of  the 
spokes  is  always  turned  downwards,  on  both  sides  of  the  wheel; 
and  that  this  direction  of  their  curvature  is  precisely  the  same, 
whether  the  wheel  be  moving-  to  the  right  or  to  the  left  of  the 
spectator.  The  appearance  now  described  is  represented  in 
Plate  XXXVI.  fig.  l.« 

'  Id.' order  to  discover  a  clue  to  the  explanation  of  this  pheetio- 
menim,  it  was  necessary  to  observe  the  inHuence  which  certain 
variations  of  circumstances  mio;ht  have  upon  it ;  and  the  follow- 
ing are  the  principal  results  of  ihe  experiments  I  made  for  thit 
[niipose. 

1.  A  certain  degree  of  velocity  in  the  wheel  is  necessary  to 
produce  the  deception  above  described.  If  this  velocity  be 
gradually  communicated,  the  appearance  of  curvature  is  first 
perceptible  in  the  spokes  which  nave  a  horizontal  position  :  and 
as  soon  as  this  \h  observed,  a  small  increase  given  to  the  velocity 
of  the  wheel,  produces  suddenly  the  appearance  of  cui'vature  in 
all  the  lateral  spokes.  The  degree  ofcurvature  remains  precisely 
the  same  as  at  first,  whatever  greater  velocity  be  given  to  the 
wheel,  provided  it  be  not  so  great  as  to  prevent  the  eye  from 
following  the  spokes  distinctly  as  they  revolve :  for  it  is  evident, 
that  the  rapidity  of  revolution  may  be  such  as  to  render  the 
spokes  invisible.  It  is  also  to  be  noticed  that,  however  rapidly 
the  wheel  revolves,  each  individual  spoke  appears,  during  the 
moment  it  is  viewed,  to  he  at  rest. 

2.  The  number  of  spokes  in  the  wheel  makes  no  difference  in 
the  degree  ofcurvature  they  exhibit. 

3.  The  appearance  of  curvature  is  more  perfectly  seen  when 
the  intervals  between  the  bars  through   wfaich  the  wheel   is 

*  The  ajipcirance  in  ijuestion  liu  been  noticed  by  an  anonj'mous  wiiler  in  tbe  Quu- 

leiif  Joumtl  of  Science  (vol.  x.  p,  38^),  who  gives,  \KHieuei,  no  ex^tanatioi]  of  the 

phBiomeDon.     It  wouJd  have  been  inipo«iible,  iiSeed,  to  iccoucie  ft\e  tatW  u  *(q  w«    , 

tberegtaied,  mtb  Kiy  [hewy  that  couU  be  iina^eai  tot  ^iiai  wUiimi.  ^^h 
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of  a  dark 


,    _     /fWeahnrow;  provided  theyare  sufficiently  ^vide  to^atl^ 
tj|<the  distiact  view  of  all  the  parts  of  the  wheel  in  Eucceseivi 
If^-tt'pfts8e»  along.     For  the  same  reason,  the  phsengmenoni 
fbflU  tO'  llie  greatest  advantage  when  the  bars  are  of  a  dar] 
«*lpur,  or  shaded,  and  when  a  strong  light  is  thrown  npon  the 
wlieel.     The  deception  is,  in  like  manner,  aided  by  every  circnm- 
iMtPce-whicb  tends  to  abstract  the  attention  from  the  bars,  aD4-,, 
t4rAx>t  upon  the  wheel.  i 

^n<4k'  If  tile  number  of  bars  be  increased  in  the  same  ^iv 
iptl^e,  .qo  other  diU'erence  will  result  than  a  greater.  muttipIkH 
iM^iof  ^e  curved  images  ofthe  spokes  ;  but  if  a  certaimelatiaii 
te/preaerved  between  the  angles  subtended  at  the  eye  by  the 
il^teile  intervals  of  the  bars,  and  ofthe  extremities  of  thespokea, 
^ie  multiplication  of  images  may  be  conected.  The  distance 
of  the  wheel  from  the  bars  is  of  no  consequence,  unless  the 
Ittter  are  very  near  the  eye,  as  in  that  case  the  apertures 
b(!tne£D  them  may  allow  too  large  a  portion  of  the  wheel  to  be 
seeo  at  once. 

i&.vlf  tjie  bars,  instead  of  being  vertical,  are  inclined  to  the 
horizon,  the  same  general  appearances  result;  but  with  thi» 
dLffer^c«,  that  the  spokes  occupying  positions  parallel  to  the 
bars,  are  those  which  have  no  apparent  curvature ;  while  the 
curvatures  of  the  other  spokes  bear  the  same  relations  to  tliese 
ibaight  spokes,  and  to  each  other,  that  they  did  in  the  formec 
case-  When  the  inclination  of  the  bars  is  considerable,  how- 
ler, the  images  become  more  crowded,  and  the  distinctness  of 
the  appearance  is  thereby  diminished.  The  deception  totally 
cea^ea,  when  the  wheel  is  viewed  through  bars  that  are  parallel 
tftitiie  line  of  its  motion,  ■  i 

;rft  It  is  essential  to  the  production  of  this  effect,  that  a  com^ 
bilifttioa  should  take  place  of  a  progressive  with  a  rotatory 
■QtioQ-  Thus,  it  will  not  take  place  if,  when  the  bars  are  sta- 
toi^ry,  the  wheel  simply  revolves  on  its  axis,  without  at  the 
Bjiaie  time  advancing :  nor  when  it  simply  moves  horizontally 
nithout  revolving.  On  the  other  haud,  if  a  progressive  motion 
W.  given  to  the  bars,  while  the  wheel  revolves  rouud  a  &xed  axis^ 
tjbl)'>fep(^es  immediately  assume  a  curved  appearance.  The 
HWiet  fiSect  will  also  result  if  the  revolving  wheel  be  viewed 
ttOtitigb  fixed  bars  by  a  spectator,  who  is  himself  moving  either 
t9tAhe:right  or  left;  because  such  a  movement  on  the  parted' 
the  spectator  produces  in  bis  field  of  vision  an  alteration  in  th« 
ttlativ»  situation  ofthe  bars  and  wheel. 

rtJt^i  evident  from  the  facts  above  stated,  that  the  deception  in 
tfie  lapftearance  of  the  spokes  must  ari^e  from  the  cil^cumataueS 
of  separate  parts  only  of  each  spoke  being  seen  at  the  same 
Bkwuefit;  the  remaining  parts  bein^  concealed  lVom'\\«.V)  ^ 
^^^/"Yet since  seVera]  parts  of  tlie  same,  BT^oVe  ata  ■^VS^V^^L 
miMh  a  BthigH  line  through  th?  &uccea«V\e  a^¥^^^«^'^^^ 
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Ml6  it)i#B^  to  wdtinitand  why  they  do  not  conntet  tkcniaslwa 
ki  the  imagination,  as  in  other  casef  of  broken  Unea^  «»  a»tc( 
.;«Mtey  the  imprieasion  of  a  straight  spoke*  The  idMrst  first 
•ug^ts  itself  that  the  pbrtions  of  one  spdeSi  thus  ■Bea>aflpa-« 
iMiNy,  might  possibly  connect  themsdves  with  portions  of  the 
two  adjoining  spokes,  and  so  on,  forming  by  their  nniony-:  a 
Mnred  image  made  tip  of  parts  from  different  succesnttt'Spokflis. 
But  a  little  attention  to  the  pbsenomena  will  show  that  audi  a 
BOlntion  cannot  apply  to  them :  for  when  the  diso  of  the  ^heel, 
imtiead  of  beine  marked  by  a  number  of  radiant  lines,  ha^  only 
On^  radius  marked  npon  it,  it  presents  the  appearaoee,  wksn 
yoUed  behind  the  bars,  of  a  number  of  radii,  each  Itavia^. the 
curvature  corresponding  to  its  situation ;  their  number  being 
lletiermined  by  that  of  the  bars  which  interyene  between  the 
^heel  and  the  eye.  So  that  it  is  evident,  that  the  several,  por* 
tions  of  one  and  the  same  line,  seen  through  the  intevvaUi.of 
ihe  bars,  form  on  the  retina  the  images  of  so  many:  difierent 
radii. 

The  true  principle,  then,  on  which  this  phsBnomenon  depends, 
is  the  same  as  that  to  which  is  referable  die  illusion  that  occurs 
when  a  bright  object  is  wheeled  rapidly  round  in  a  circle,  giving 
rise  to  the  appearance  of  a  line  of  light  throughout  the  whole 
ieircumference ;  namely,  that  an  impression  made  by  a  pencil  of 
rays  on  the  retina,  if  sufficiently  vivid,  will  remain  for  a  certain 
time  after  the  cause  has  ceased.  Many  analogous  facts  have 
been  observed  with  regard  to  the  other  senses,  which,  as  th^ 
lUre  well  known,  it  is  needless  here  to  particularize. 

In  order  to  trace  more  distinctly  the  operation  of  this  princi^ 

f\\e  in  the  present  case,  it  will  be  best  to  take  the  pheenomenon 
n  its  simplest  form,  as  resulting  from  the  view  of  a  single 
radius,  fig.  2,  OR  of  the  wheel  VW,  revolving  steadily  upoaita 
axis,  but  without  any  progressive  motion,  and  seen  mrough  a 
single  narrow  verticd  aperture  which  is  moving  horizontally  in 
a  given  direction  PQ.     Let  us  also  assume  that  the  progressivo 
motion  of  the  aperture  is  just  equal  to  the  rotatory  motion  of  the 
circumference  of  the  wheel.    It  is  obvious  that  i^  at  the  time  of 
the  transit  of  the  aperture,  the  radius  should  happen  to  occupy 
either  of  the  vertical  positions  VO  or  OW,  the  whole  of  it  would 
be  seen  at  once  through  the  aperture,  in  its  natural  position  ; 
but  if,  while  descending  in  the  direction  VR,  it  should  happen 
to  be  in  an  oblique  position  RO,  terminating  at  any  point  of  the 
circumference  at  the  moment  the  aperture  nas,  in  its  progress 
horizontally,  also  arrived  at  the  same  point  R,  the  extremity  of 
the  radius  will  now  first  come  into  view,  while  all  the  remaining 
part  of  it  is  hid.    By  continuing  to  trace  the  parts  of  the  radius 
that  are  successively  seen  by  the  combined  motions  of  the  aper* 
tare  and  of  the  radius,  we  shall  find  that  they  occupy  a  curve 
M  9 ^e  dgenenled  by  the  continued  mtexaecAsioa q£  Xhuu^^o 
iKmr.    Thw,  vfketk  tno  aptrtart  liu  rno^^SL  t^  k^  ^in^  t^£^^ 
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wiU  be  in  the  pogition  O  » ;  Tvhen  the  former  is  at  B^  th«  iRtter 
will  be  at  0  0.  and  so  on. 

Agaio ;  let  us  suppose  that  when  the  aperture  is  just  passing 
the  cenUe,  tlie  radius  sliould  be  found  in  a.  certain  position  od 
the  oiher  aide  OY,  and  rising  towards  the  snminit.  Then  tracing, 
aa  before,  the  intersections  of  these  lines  in  their  progress,  we 
shall  obtain  a  curve  precii^ely  similar  to  the  former.  Its  position 
mil  be  rcTersed ;  -but  its  convexity  will  still  be  dowiiwarda. 

If  the  impressions  made  by  these  limited  portions  of  the  seve- 
ral spokes  toHow  one  another  with  sufficient  rapidity,  they  will, 
as  in  the  case  of  the  luminous  circle  already  alluded  to,  leave  in 
the  eye  the  trace  of  a  continuous  curve  line ;  and  the  spokes  will 
appear  to  be  curved,  instead  of  straight. 

The  theory  now  advanced  is  in  perfect  accordance  with  all  die 
phenomena  already  detailed,  and  is  farther  confirmed  by  extend- 
ing the  experiments  to  more  complicated  combinations. 

it  readily  explains  why  the  image,  or  spectrum,  as  it  may  be 
called,  of  the  spoke,  is  at  rest,  although  the  spoke  itseli'  be 
revolving :  a  circumstance  which  might  escape  notice,  if  the 
attention  were  not  particulai*ly  called  to  it. 

Since  the  curved  appearance  of  the  lines  results  from  tte 
combination  of  a  rotatory,  with  a  progressive  motion  of  the 
spokes,  in  relation  to  the  apertures  through  which  they  are 
viewed,  it  is  evident  that  the  same  phtenomena  must  be  produced 
if  the  bars  be  at  rest,  and  both  kinds  of  motion  be  united  jn  the 
wheel  itself.  For,  whether  the  bars  move  horizontally  with 
respect  to  the  wheel,  or  the  wheel  with  respect  to  the  bars,  the 
relative  motion  betv\een  them,  and  its  eH'ects,  in  as  far  as  con- 
cerns the  appearance  in  question,  must  be  the  same.  The  atten- 
tion of  the  spectator  should  in  both  cases  be  wholly  directed  to 
the  wheel,  so  that  the  motions  in  question  should  be  referred 
altogether  to  it.  Thus,  in  fig.  4,  the  real  positions,  at  successive 
intervals  of  time,  of  the  spoke  A  a,  when  the  wheel  is  rolling  on 
the  ground  in  the  direction  AZ,  are  expressed  by  the  lines  Aflj 
Bb,  Cc,  and  J)d,  While  the  spoke  is  in  these  positions,  the 
portions  of  it  really  seen  through  the  fixed  aperture  VW,  are  the 
parts  a,  fi,  y,  S,  the  impressions  of  which,  being  retained  upon 
the  retina,  and  referred  to  the  wheel  when  in  its  last  position, 
form  the  series  of  points  m,  n,  p,  and  g,  in  the  curved  spectrum 
wi  D. 

That  the  attention  may  the  more  easily  follow  the  wheel  in  its 
progression,  it  is  necessary  that  its  circumference  be  distinctly 
fieen,  and  its  real  situation  correctly  estimated.  Hence,  although 
it  be  true,  that  by  asufficient  exertion  of  attention  the  phenome- 
non may  be  exhibited  by  means  of  a  single  aperture,  it  is  much 
more  readily  perceived,  when  the  number  of  apertures  is  such  as 
to  allow  the  wheel  to  be  seen  in  its  whole  progress.  ¥ot  tKv* 
laaemJis  plueaoawaoa  is  vesy  di%\iac\,  '\n'OiAVi»i  ^\  a.^'^t^kft. 


m 


in    Dr.  Rogees  ExflMoiiakrf M  Opimi D^^^         [4k^ 

Each  aperture  produces  its  own  system  of  spectra ;  asd  faeQce, 
Vfhen  the  apertures  occur  at  short  intervals^  the  number  of  the 
f^okes  is  considerably  multiplied ;  but  if  the  intervals  be  so 
adjusted  as  to  correspond  with  the  distances  between  the  spokes 
at  the  circumference  of  the  wheel,  the  images  produced  by 
«ftcb  aperture  will  coalesce,  and  the  effect  will  be  much  height- 
ened. 

A  mathematical  investigation  of  the  curves  resulting  from  the 
motion  of  the  points  of  intersection  of  a  line  moving  parallel  to 
itself,  with  another  line  revolving  round  its  axis,  will  show  them 
to  belong  to  the  class  of  Quadratrices,  of  which  the  one  which 
touches  the  circumference  of  the  inner  generating  circle  is  that 
which  is  known  by  the  name  of  the  Quadratrix  of  Dinostrates. 
Such  a  system  of  curves  is  represented  in  fig.  8,  where  MC, 
CN»  are  the  generating  radii,  A  the  outer,  and  B  the  inner  gene- 
ratine  circles,  and  PQ  the  common  axis  of  the  curves. 

All  these  curves  have  the  same  general  equation,  namely, 

y  as  (6  —  a: .  tang.  x. 

where  the  co-ordinates  are  referred  to  the  axis  at  right  angles 
to  the  vertical  generating  radii,  and  passing  through  the  centre 
of  their  revolution  :  the  basis  b  being  measured  on  the  axis  from 
the  point  of  its  intersection  with  the  curve  to  the  centre  :  and 
a:  being  the  arc  of  the  inner  generating  circle,  as  well  as  the 
abscissa.''^ 

A  wheel  simply  rolling  on  its  circumference  exhibits,  when 
seen  through  fixed  bars,  only  those  portions  of  the  curves  which 
ate  contained  within  the  inner  circle ;  but  when  its  motion  of 
revolution  is  more  rapid  than  its  horizontal  progression,  as  when 
it  is  made  to  roll  on  an  axle  of  less  diameter  on  a  raised  rail-way, 
then  the  remaining  portions  of  the  curves  will  be  seen,  and 
others,  on  the  lower  part  of  the  wheel,  having  a  contrary  flexure, 
wrill  also  make  their  appearance.   These  are  seen  at  FF  in  fig.  3. 

If  the  spokes,  instead  of  being  straight,  be  already  curved, 
like  those  of  the  Persian  water-wheel,  their  form,  when  viewed 
through  bars,  will  undergo  modificati(in&>  which  may  readily  be 
trticed  by  applying  to  them  the  same  theory.  Thus,  by  giving  a 
certain  curvature  to  the  spokes,  as  in  fig.  5,  they  will  at  one  part 
of  their  revolution  appear  straight,  namely,  where  the  optical 
deception  operates  in  a  direction  contrary  to  the  curvature. 

The  velocity  of  the  apparent  motion  of  the  visible  portions  of 
the  spokes  is  proportionate  to  the  velocity  of  the  wheel  itself ; 
but  it  varies  in  different  parts  of  the  curve  ;  and  might  therefore, 
if  accurately  estimated,  furnish  new  modes  of  measuring  the 
duration  of  the  impressions  of  light  on  the  retina. 

•  This  equaHty  between  the  arc  and  the  a^sciasa  in  a  necessaiy  consequence  of  the 
pxogressiTe  motion  of  the  wheel  being  equal  to  the  rotatory  motion  of  its  orcumfiBrence : 
&B  former  motion  l^odxLsm^  the  increments  of  the  abscissa ;  and  the  latter  those  of  the 

k(gy  of  the  Mea  cfmmHax.  tiiaiiglei. 
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Article  V. 

P»  <Ae  Preparation  of  Acetate  of  Soda;  l(c,    Jiy  Mr,  N,  IVIill. 

(To  R.  PfaiUips,  Esq.  FRS.  &c.> 

SfRf  Addington-'Squart,  Cambervoellm    . 

In  commenting  on  Dr.  Hope's  observations  upon  your  stricr 
tares  on  the  Edinburgh  Pharmacopoeia,  Amuds  of  Philosophy^ 
If.  S.  ii.  p.  28,  you  give  a  process  lor  procuring  acetic  acid  by 
the  double  decomposition  of  acetate  of  lead  and  sulphate  of 
8oda;  and  Dr.  Henry,  in  the  last  edition  of  hi&  Chemistry,  in 
quoting  ^our  paper,  has  added  in  parenthesis,  that  4^^  ounces  of 
acetate  of  lime  might  be  used  instead  of  the  acetate  of  lead.  In 
the  proportions  there  stated  (nor  indeed  in  any  other  proportions), 
have  I  been  able  to  effect  ^perfect  decomposition  of  sulphate  of 
soda  by  acetate  of  lime.'  ' 

200  grains  of  acetate  of  lime,  dried  at  a  temperature  of  430°  or 
440*^  ]^r.  were  decomposed  by  400  grains  of  crystallised  sul- 
phate o(  soda,  the  solution  evaporated,  and  crystals  obtained. 
'fhese  crystals  when  dissolved  in  v^ater  and  tested  with  the 
Biurialse  .of  bar^tes  gave  a  copious  precipitate  of  sul^hat^  q€ 
barytes,  but  neither  $ulpbwic  nor  oxalic  Q.cid  oc-caaipuedi  ^:^j 
preaipiJbit0  of  timet,\  These  firyM»l^  W^rQ  liQtj  i]iLeie?ot^\  acetute 
iVfe^  Series,  vol.  x.  i 
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of  soda,  but  a  compound  salt,  consisting  of  sulphate  of  soda  and 
acetate  of  soda.  Tbe  mother  water  when  tested  gave  precipitates 
of  both  sulphate  of  lime  by  sulphuric  acid  and  sulphate  of 
barytes  by  muriate  of  barytes,  thereby  proving  that  acetate  of 
lime  and  sulphate  of  soda  are  incompatibles  only  to  a  certain 
extent ;  for  they  may  and  do  exist  at  the  same  time  in  the  same 
solution.  If  acetate  of  lime  be  added  to  the  mother  liquor 
ad  infinitvmj  the  sulphate  of  soda  will  not  be  totally  decomposed ; 
nor,  on  the  contrary,  if  sulphate  of  soda  be  added  to  the  mother 
water  instead  of  the  lime,  will  the  lime  which  existed  in  the 
liquid  disappear,  for  oxalic  acid  still  occasions  a  copious^  preci- 
pitate. 

Crystals  procured  from  either  of  these  last  solution^,  whether 
acetate  of  ume  or  sulphate  of  soda  be  in  excess,  still  ^ve  as 
large  a  precipitate  with  muriate  of  barytes  as  heretofore,  tnereby 
indicating  that  the  sulphate  of  soda  is  not  wholly  decomposed, 
and  that  a  perfect  acetate  of  soda  cannot  be  obtained  through  the 
medium  of  sulphate  of  s.oda. 

I  am  also  of  opinion,  that  most  of  the  acetates  are  deficient  in 
the  power  of  totally  decomposing  the  sulphates,  which  opinion 
is  strengthei^ed  by  Dr.  Tho.msoii  s  experiments,  to  discover  the 
atomic  weight  of  acetic  acid.  Annals  of  Philosophy ,  ii.  p.  142, 
N.  S.  He  found  acetate  of  lead  to  be  nearly  in  the  same  situa- 
tion as  acetate  of  lime ;  for  he  states,  that  ''acetate  of  lead  does 
not  possess  the  power  of  throwing  down  the  whole  of  the  sulphu- 
ric acid  from  the  solution  of  a  sulphate."  If  this  be  the  case, 
the  process  you  have  given  for  procuring  acetic  acid  from  the 
double  dedomposition  of  the  acetate  of  lead  and  sulphate  of  soda 
must  be  defective,  inasmuch  as  this,  that  the  acetic  acid  is  not 
procured  from  acetate  of  soda  (which  snould  result  from  the 
perfect  decomposition)  in  toto,  but  from  a  compound  salt  of 
hcetate  of  lead  and  acetate  of  soda.  In  order  to  ascertain  the 
proportions  of  sulphate  of  soda  in  the  crystallized  salt  before 
alluded  to,  I  dissolved  100  grains  of  the  crystals  in  water,  and 
added  muriate  of  barytes  so  long  as  any  deposition  took 
place,  the  precipitated  sulphate  of  barytes  was  then  collected, 
dried^  and  weighed  10  mrams,  which  is  equivalent  to  14*7  grains 
of  the  crystallized  sulphate  of  soda.  Tnis  salt  is,  therefore, 
composed  of  (in  100  parts) 

Crystallized  acetate  of  soda  •  • . .  86'3 
Crystallized  sulphate  of  soda*  ..  14*7=  100. 

As  thepyroligneous  acid  manufacturers  commonly  decompose 

acetate  of  lime  by  sulphate  of  soda  to  procure  acetate  of  soda, 

it  must  be  of  some  importance  to  them  to  know  that,  indepen* 

dently  of  the  loss  of  the  salts  left  in  the  mother  water  by  this 

-proceBu^  they  also  procure  an  impure  axti^k. 

•Yoiir  obedient  semoit,      .    '!^u^\*k«'^\VV 
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Article  VI.  I 

ription  of  an  Appaiatus  for  filtering  out  uf  Contact  with  the 
Atmosphere.     By  M.  Donovan,  Esq.* 

Wr  promised  in  our  last  to  give  a  description  of  Mr.  Donn- 

l'«  apparatus  for  filtering  suListances  liaole  to  be  afl'ecled  by 

contact  of  the  atmosphere,  as  solutions  of  caustic  alkali,  &c. 

An  inspection  of  the  wood-cut  annexed 

!  explain  the  nature  of  the  in- 

fetrument.     It  consists  of  two  glass  vessels, 

the  upper  one  A  has  a  neck  at  b,  which 

contains  a  light  cork,  perforated  to  admit 

one  end  of  the  glass  tube  c.  The  other  end 

of  the  vessel  A  terminates  in  a  funnel  pipe, 

which  fits  into  one  of  the  necks  of  the 

;rinding  or  luting,  or 

vessel  D  has  alsf 


under  vessel  D,  hy  gri 


by  a  tight  cork, 

another  neck  e,  which  receives  the  other 

end   of  the  tube   c,  the  junction   beinj 

secured  by  a  perforated  cork,  or  by  luli 

The  throat  otthe  funnel  pipe  ia  obstructed 

by  a  bit  of  coarse  hnen  loosely  rolled  up, 

ajid  not  pressed  down  into  the  pipe.     The 

solution  is  then  to  be  poured  in  through 

the  mouth  at  b,  the  cork  and  tube  having 

been  removed,  and  the  first  droppings  are 

to  be  allowed  to  run  to   waste,    end  not 

received  into  the   under  vessel  D.      The 

parts  of  the  apparatus  are  now  to  be  joined 

together,  and  the  filtration  may  proceed  at  the  slowest  rtU^ 

without  the  possibility  of  any  absorption  of  carbonic  acidbv  the 

alkali.  ^ 

The  mode  of  action  of  this  simple  but  ingenious  apparatus  is 
too  obvious  to  require  any  explanation;  but  Mr.  Donovan 
observes,  that  it  should  be  made  of  green  glass  in  preference  to 
white,the  former  being  much  leas  acted  on  byfixed  alkahes  than  the 
latter.  He  states  that  a  white  glass  bottle  containing  a  solution 
of  caustic  potash  will  often  be  cracked  by  it  in  every  direction, 
aod  in  a  singular  manner. 

This  apparatus  is  useful  for  filtering  liquids,  to  which  access 
of  the  carbonic  acid,  or  moisture  of  the  atmosphere,  would  be 
imurious,  as  well  as  for  the  filtration  of  volatile  substances,  as 
afcohoi,  ethers,  amnioniacal  fluids,  Sic.  If  a  stratum  of  coarselv 
pulverised  glass  or  flint  be  substituted  for  the  roll  of  linen,  it 
may  be  employed  for  filtering  corrosive  acids,  which  would  be 
weakened  by  absorbing  watei-  from  the  almoapUeve. 
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Article  VII. 

On  Fluoric  Acid,  and  its  most  remarkable  Combinations. 

By  Jac.  Berzelius. 

{Continued  from  voL  ix,  p.  ISl.) 

Decomposition  of  Silicated  Fluoric  Add  by  Potassium, 

The  description  of  the  experiments  made  by  the  French 
chemists  leads  unavoidably  to  the  conclusion,  that  they  had 
succeeded  in  decomposing  fluoric  acid ;  and  when  I  undertook, 
therefore,  to  repeat  them,  my  sole  object  was  to  acquire  mdre 
accurate  information  regarding  the  composition  of  the  reduced 
products.  In  my  first  trials  1  obtained  the  same  results  which 
they  had  already  described,  with  this  single  exception,  that  the 
produQt  of  the  decomposition  did  not  become  white  by  ignition 
m  oxygen  gas,  but  retained  its  original  brown  colour  almost 
unaltered.  Expecting  that  this  calcined  mas3  would  contain 
silieated  fluate  of  potash,  I  poured  over  it  concentrated  sulphuric 
acid ;  but  np  trace  of  fluonc  acid  was  disengaged,  nor  was  the 
slightest  alteration  produced  upon  it  by  evaporating  the  mixture 
to  dryness.'  AH  other  acids,  with  the  exception  of  the  fluoric, 
proved  equally  inactive.  This  acid  extracted  a  quantity  of 
silica,  and  left  behind  a  darker  brown-coloured  matter,  which 
was  insoluble  in  acids,  and  incombustible  when  ignited.  Was 
this  the  radical  of  the  fluoric  acid  or  of  the  silica,  or  a  combina- 
tion of  both? 

To  obtain  a  larger  supply  of  this  substance,  I  ignited  some 
potassium  in  a  suitable  apparatus  in  contact  with  an  atmosphere 
of  silicated  fluoric  acid  eas.  The  metal  gradually  darkened  in 
colour,  until  it  finally  became  as  black  as  coal ;  soon  after,  it 
took  fire,  and  burned  with  a  large  dark  red  coloured  flame; 
Avhich,  however,  was  by  no  means  intense,  and  the  gas  was  at 
the  same  time  rapidly  absorbed.  The  product  of  the  combus- 
tion was  a  hard,  porous,  dark  brown-coloured  mass,  unaltered  by 
exposure  to  the  air,  but  imparting,  when  touched  or  breathed 
upon,  that  peculiar  odour  of  hydrogen  gas,  which  is  observed 
•when  we  handle  metallic  manganese.  On  being  thrown  into 
water,  it  occasioned  a  copious  disengagement  of  hydrogen  gas, 
and  much  fluate  of  potash  passed  into  solution.  By  degrees, 
the  evolution  of  gas  became  less  and  less  considerable,  and  the 
mass  disintegrated  to  a  powder.  When  the  action  in  the  cold 
appeared  to  have  ceased,  the  alkaline  solution  was  replaced  by 
fresh  water,  and  the  mixture  was  heated  to  ebullition.  No 
additional  disengagement  of  hydrogen  was  produced  by  this 
treatment^  but  the  liquid  dow  became  strongly  acid,  and  proved 
to  be  a  saturfit^  fiis^u^igf^  qf  ftUb%tei.  &l\»I^  cii/gQ\»^\i.   Tcx^ 
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lOwder  Was  now  repeatedly  boiled  in  water  until  it  Was  rendeted 
Completely  free  from  all  soluble  matter :  it  was  then  collected 
I  Vpon  a  filter  and  dried. 
-  To  determine  the  alteration  which  this  substance  would 
tlDdergo  by  conibnstion,  i  ignited  it  in  a  current  of  oxygen  gaa*. 
It  instantly  took  fire,  and  burned  with  some  intensity,  a  pale 
blue-coloured  flame  being  at  the  same  time  visible  over  its  sur- 
The  gaseous  product  of  the  combustion  produced  an 
ibundant  precipitate  in  barytes  water,  and  this  precipitate  proved 
n  examination  to  be  pure  carbonate  of  barytes,  unmixed  with 
Uicated  fluate.  The  calcined  mass  had  diminished  greatly  in 
le,  bnt  retained  its  original  colour  almost  unaltered,  and  the 
.  _  Jtse  of  weight  which  it  had  sustained  scarcely  amounted  to 
k^alfper  cent.  No  corrosion  by  fiuorio  acid,  and  no  deposition 
R  silica,  could  be  observed  in  any  part  of  the  apparatus ;  conse- 
Iseiitly  fluoric  acid  did  not  fortn  one  of  the  products  of  the  com- 
istion.  I  was  therefore  disappointed  in  my  expectation  of 
Icertaining  by  this  means  the  composition  of  fluoric  acid  ;  yet 
le  result  was  not  the  less  interesting,  for  it  appeared  to  me  that 
I  had  succeeded  in  isolating  the  radical  of  sihca,  and  that  the 
■jtown  pulverulent  body  was  in  reality  silicium.  That  it  should 
Iftdergo  combustion  in  oxygen  gas  and  give  off"  carbon  without 
Ittoming  heavier,  was  easily  intelligible;  because  the  same  cir- 
Mmatance  is  observable  when  we  calcine  the  quad  ri carburets  of 
"test  of  the  metals  whose  oxides  contain  three  atoms  of  oxygen. 
he  presence  of  so  much  carbon  appeared  at  first  to  be  some- 
that  unaccountable :  I  speedily  ascertained,  however,  that  it 
Hd  previously  existed  in  a  state  of  chemical  combination  with 
*iB  potassium.  This  potassium  had  been  prepared  by  Brunner'si 
toCess,  in  which  a  mixture  of  carbonate  of  potash  and  charcoal 
I  strongly  ignited  in  a  retort  of  malleable  iron ;  and  by  redistil- 
liog  it  iii  a  glass  vessel,  I  found  that  it  leit  behind  a  carbonace- 
ous matter  which  took  fire  when  exposed  to  the  air^  and  which 
Ok  water  caused  the  disengagement  of  hydrogen  gas  ;  whilst,  at 
die  same  time,  potash  was  formed,  and  a  large  quantity  of  car- 
bon deposited.  On  repeating  the  experiment  with  potassium 
purifled  in  this  manner  by  distillation,  the  powder  which  1 
obtained  was  not  so  dark  brown-coloured,  and  when  burned  in 
oxygen  gas  it  increased  in  weight  40  per  cent,  without  giving  off' 
any  Carbonic  acid.  Its  colour,  however,  was  scarcely  altered  by 
the  combustion.  This  circumstance  may  be  explained  by  aup- 
^aing,  either  that  silicium  possesses  a  lower  degree  of  oxidation 
which  is  produced  by  calcination,  or  that  (as  happens  with  boron) 
the  portion  oxidized  at  the  commencement  ot  the  process  pre- 
vents the  'perfect  oxidation  of  the  remainder.  The  residue  of 
the  combustion  was  treated  with  fluoric  acid.  The  silica  was 
hj  this  means  separated,  escaping  in  the  state  of  aVCvcsA-eAftMOTV*!.- 
mM  -giUfmid  (6e  i3oteHp^>f  the  HadiBstATC*  w"^*;?  >««»«»• 
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much  deeper.    Being  now  washed  and  (hied,  it  conBtttated  sili*- 
ciam  in  a  state  of  purity. 

Silicium  obtained  in  this  manner  hai  a  dark  nut-brown  colour, 
and  is  wholly  destitute  of  metallic  lustre.  When  rubbed  upon 
a  polishing  stone,  it  does  not  communicate  a  shining  streak.  It 
is  incombustible  both  in  atmospheric  air  and  in  oxygen  gas ;  and 
it  appears  to  be  highly  infusible,  for  it  undergoes  no  change  in 
the  name  of  the  blowpipe.  This  circumstance  appears  contm* 
dictory  of  what  I  have  already  stated  respecting  the  easy  com- 
bustibilitjr  of  the  silicium  which  is  obtained  immediately  after 
its  reduction  by  potassium.  The  difference  between  its  proper- 
ties  in  these  two  states  is  indeed  highly  remarkable ;  and  I  have 
fully  ascertained  that  it  is  not  occasioned,  on  the  one  hand,  by 
the  adherence  of  potassium,  or,  on  the  other,  by  the  subse<][uent 
digestion  in  fluoric  acid.  Most  probably,  the  combustibility  of 
the  silicium  proceeds  from  its  being  combined  with  a  small 
quantity  of  hydrogen,  for  if  it  be  burned  in  oxygen  gas,  even 
^  after  having  been  ignited  in  an  atmosphere  of  hydrogen  gas  or 
in  vacuo,  there  is  invariably  formed  a  certain  quantity  of  water, 
although  its  amount  indeed  is  inconsiderable  when  compared 
with  the  high  saturating  capacity  of  silicium.  The  silicium 
obtained  by  treating  the 'reduced  brown-coloured  mass  with 
water  is  therefore  a  hydruret.  The  reduced  mass  is  originally  a 
siliciuret  of  potassium,  which  is  decomposed  by  the  water ;  the 
potassium  conveited  into  potash,  passes  into  solution ;  the 
greater  part  of  the  hydrogen  separates  in  the  state  of  gas,  and  a 
smaller  portion  enters  into  combination  with  the  silicium.  In 
the  incoherent  condition  in  which  it  is  separated  from  potassium 
by  the  action  of  water,  silicium  may  be  compared  to  the  loose 
tinder  (a  hydruretted  carbon)  prepared  from  linen,  which  may 
be  easily  kindled  by  a  spark  from  steel ;  but  after  having  been 
exposed  to  an  elevated  temperature,  it  may  be  compared  to  coke, 
which  is,  by  itself,  quite  incombustible. 

Silicium  has  an  extreme  tendency  to  soil  even  when  in  a  state 
of  dryness,  and  it  adheres  strongly  to  the  glass  vessel  in  which 
it  is  Kept.     It  is  a  non-conductor  of  electricity. 

The  incombustible  silicium  is  not  altered  by  ignition  with 
chlorate  of  potash.  In  nitre  it  does  not  deflagrate  until  the  tem- 
perature has  been  raised  so  high  that  the  acid  undergoes  decom- 
position, when  the  affinity  of  the  disengaged  alkali  co-operates 
with  that  of  the  oxygen.  In  carbonate  of  potash  it  is  oxidized 
with  great  readiness,  and  with  intense  ignition  \  carbonic  oxide 
is  at  the  same  time  disengaged,  and  the  mass  assumes  a  black 
colour  in  consequence  of^the  reduced  carbon.  This  property, 
gives  occasion  to  a  very  paradoxical  phaenomenon.  If  the 
incombustible  silicium  be  moderately  heated  with  nitre,  no 
motion  eaauea  between  the  two  substances ;  but  if  a  bit  of  anhy- 
dfious  cBrbonnte  of  soda  be  now  inttoducedi  \!kiQ  .i^x^ima  %x  ^ . 
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^Biwtant  of  contact  is  oxidated  at  its  expense,  and  deflagrates  in 
^^Ke  midst  of  tlie  nitie.   The  cause  why  siliciuin  in  lower  temper- 
^^Vures  is  more  easily  o.\idized  at  the  expense  of  the  carbonate 
than  of  the  nitrate  of  potash  undoubtedly  exists  in  the  circum- 
stance, that  the  affinity  of  potash  for  silica  is  necessary  to  dispose 
it  to  combustion,  and  in  the  case  of  nitre,  this  co-operation  ii 
aot  obtained,  except  in  the  elevated  temperature  in  which  the 
^kk^d  of  the  salt  undergoes  decomposition, 

^K,  SiliciuDi  deflagrates  with  brilliant  ignition  in  the  hydrates  of 
^^roe  fixed  alkalies  ;  and  the  deflagration  takes  place  as  soon  as 
the  hydrate  begins  to  fuse,  and  tar  below  a  red  heat.  It  defla- 
grates also,  but  with  less  intensity,  in  the  hydrates  of  barytes 
and  lime.  With  the  acid  fluate  or  potash,  it  deflagrates  in  the 
low  temperature  necessary  to  produce  the  fusion  of  the  salt ;  in 
melted  borax  it  remains  unaltered. 

If  silicium  be  heated  in  the  vapour  of  sulphur,  it  catches  fire 
and  burns,  but  with  much  less  brilliancy  than  in  oxygen  gas. 
The  product  is  a  white  earthy  looking  substance,  which,  in  con- 
tact with  water,  instantly  dissolves,  giving  off  at  the  same  time 
sulphuretted  hydrogen  gas.  The  silicium  is  here  converted  into 
silica,  which  is  taken  »ip  by  the  water  ;  and  if  the  quantity  of  that 
liquid  be  small,  the  resulting  solution  is  so  concentrated,  that  it 
gelatinizes  after  a  very  slight  evaporation.  In  the  open  air  this 
sulphuret  gives  oS  a  strong  odour  of  sulphuretted  hydrogen  gas, 
and  rapidly  loses  the  whole  of  its  sulphur :  in  an  artificially 
dried  atmosphere,  it  may  be  preserved  unaltered.  When  torre- 
fied, it  is  converted,  but  not  so  rapidly  as  might  have  been  anti- 
cipated, into  sulphurous  acid  and  sihca. 

It  is  certainly  a  most  remarkable  property  that  silica,  at  the 
instant  of  its  formation  in  the  humid  way,  should  be  so  abun- 
dantly soluble  in  water,  and  that  by  evaporation  of  the  solution 
it  should  lose  this  property  so  completely,  that  in  the  analysis 
of  minerals,  it  is  justly  regarded  as  insoluble.  This  high  degree 
of  solubility  enables  us  to  understand  the  copious  crystallization 
of  silica  in  drusy  cavities,  where,  not  unfrequently,  the  volume 
of  water  could  not  possibly  have  greatly  exceeded  that  of  the 
crystals  which  it  deposited.   . 

I  did  not  succeed  in  forming  a  phospliuret,  by  passing  the 
vapour  of  phosphorus  over  ignited  silicium. 

When  silicium  is  heated  in  a  current  of  chlorine,  it  catches 
fire,  and  is  rapidly  volatilized.  The  product  of  the  combustion 
condenses  into  a  liquid,  which  appears  to  be  naturally  colourless, 
bat  which  has  a  yellowish  colour  when  it  contains  an  excess  of 
chlorine.  This  fluid  is  very  hmpid  and  volatile,  and  evaporates 
almost  instantaneously  in  the  form  of  a  white  vapour  when 
exposed  to  the  open  air.  It  has  a  suffocating  odour,  not  unlike 
that  of  cyanogen.  It  re-acts  as  an  acid  on  litmus  ^ai^er.  Tki^ 
Said  is  anaJogaus  to  the  comhinatioas  of  the  olW  &\&c.Uc>a&^'., 
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live  sabstances  with  chlorine.  It  constitutes  the  second  kfiown 
example  of  a  volatile  compound  of  silicium.  No  combination 
ensued  when  silicium  was  heated  in  the  vapour  of  iodine. 

Silicium  is  neither  dissolved  nor  oxidized  by  the  sulphuric^ 
nitric,  or  muriatic  acids,  nor  even  by  aqua  regia.  While  still 
eombustible>  it  is  slowly  dissolved  by  fluoric  acid,  but  even  in 
this  acid,  it  loses  its  solubility  after  having  been  ignited.  On 
the  contrary,  it  is  readily  dissolved  in  the  cold  by  a  mixture  of 
the  fluoric  and  nitric  acids. 

Silicium,  after  it  has  been  insulated,  possesses  very  little  ten- 
dency to  form  alloys  with  metals.  Copper,  silver,  lead,  and  tin^ 
may  be  fused  with  it  before  the  blowpipe>  and  the  alloys,  when 
dissolved  in  acids,  leave  behind  an  inconsiderable  portidn  of 
silica.  The  alloy  of  copper  leaves  a  skeleton  of  silica  Which 
retains  the  original  form  of  the  metal.* 

Composition  of  Silica. — ^Having  now  succeeded  in  isolating 
the  basis  of  silica,  it  was  nattiral  for  me  to  investigate  its  composi- 
tion by  the  direct  synthetical  process.  With  this  view,  100 
parts  of  pure  silicium  were  ignited  with  carbonate  of  soda:  the 
mass  was  treated  with  muriatic  acid,  evaporated  to  dryness^  and 
the  residue  strongly  ignited.  Digested  in  water,  this  left  a  grey 
coloured  silica,  which,  after  washing  and  ignition^  assumed  a 
snow  white  colour,  and  weighed  203*76  parts*  The  liquid 
filtered  from  the  silica  was  again  evaporated  to  dryness,  and  the 
saline  mass  ignited.  By  dissolving  the  fused  salt  in  Water,  there 
separated  an  additional  quantity  of  silica,  Weighing,  after  igni- 
tion, 1*5  part.  Consequently  ICK)  parts  of  silicium  had  combined 
with  105*25  parts  of  oxygen^  On  repeating  the  experitnent 
with  a  portion  of  silicium  over  which  I  had  previously  evaporated 
to  dryness  some  fluoric  acid,  the  augmentation  of  weight 
amounted  to  108  per  cent.  According  to  these  two  experiments, 
silica  is  composed  of 

Silicium 48*72   48*08 

Oxygen 61-28 61-92 

« 

Both  results  indicate  a  larger  proportion  of  oxygen  than  had 
been  hitherto  supposed  to  exist  in  silica.  According  to  my 
earlier  experiments,  in  which  I  deduced  the  compositibn  of 
silica  by  determining  its  capacity  of  saturating  saline  bases,  th^ 
quantity  of  oxygen  was  only  60*3  per  cent. 

The  saturating  capacity  of  sihciutn  may  be  calculated  also 
from  the  composition  of  the  sdts  which  contain  fiuate  of  silica. 
Of  these,  the  most  suitable  for  this  purpose  is  the  silicated 
fluate  of  barytes.  100  parts  of  this  salt,  fused  with  twice  its 
Weight  of  oxide  of  lead,  lost  0*86  part  of  moisture.  100  parts, 
i^eighed  out  at  the  same  time,  yielded  82-933  parts  of  sulphate' 

•*  fbe  method  vf,prqjaxina  ailicium,  by  deoonmoftlug  ^e  do\i\)le  fiuate  Of  «iBcit  an^ 


of  b&rj^tei^^  equivaleiit  to  64*428  parts  of  barytes;:  Now/ 1  haye 
already  proved  that  in  the  ddable  silictited  fluates^  the  base  ia> 
associated  with  thrice  as  much  acid  as  in  the  neutral  salt.  Goii«» 
sequently^  the  siUcated  fluate  of  barytes  which  I  analyzed /waa 
composed  of 

Barytes ♦  4 64*428 

Fluoric  acid. 22-836 

Silica 21-886 

Moisture 0-850 


^ 


100-000 

These  54-428  parts  df  barytes  were  saturated  by  7*612  parts 
<rf  fluoric  acid)  the  remaining  16*224  parts  of  this  acid  hadbdto 
therefore  combined  with  21-886  parts  of  silica;  or  the  fluate  ti 
silica  is  composed  of 

Fluoricacid 41*024   100 

Silica 58-976  143-76 

But  1 00  parts  of  fluoricacid  imply  the  existence  of  74-7194  partsr 
of  oxygen  in  the  base  by  which  it  is  saturated.  Consequently^ 
this  quantity  of  oxygen  must  be  contained  by  143-76  parts  or 
silica,  and  silica  must  be  composed  of 

Silicium 48-025   I06 

Oxygen 51-975   108-2$J 

This  number  corresponds  very  closely  with  that  of  the  lAst 
synthetical  experiment.  If  we  suppose  silica  to  contain  three 
atoms  of  oxygen^  the  atomic  number  of  silicium  will  be,  accord^ 
ing  to  the  above  analysis  =  277*2,  and  according  to  the  sykithe-* 
tical  experiment  =  277*8.  • 

This  number  exceeds  by  If  pet  cent,  the  number  which  hasf 
been  hitherto  adopted,  and  which  corresponds  so  Well  with  the^ 
most  exact  and  the  most  recently  performed  analyses  of  puref 
minerals,  that  the  present  one,  if  made  the  basis  of  the  calcula- 
tion,  would  necessarily  indicate  in  them  an  excess  of  silica :  I' 
must  here  mention^  however,  that  we  rarely  fitid  a  mineral  te^  . 
Whose  constitution  silica  is  even  altogether  foreigi),  which  does 
net  contain  it  to  the  apnount  of  from  one-half  to  upwai-ds  oftWtf 
per  cent,  in  the  state  either  of  quartz  or  of  some  other  siliceous^ 
minet-al ;  and  this  mechanical  intermixture  of  silica  is  still  moref 
likely  to  exist  in  those  minerals  in  which  it  constitutes  at  the 
sakne  time  an  essential  ingredient. 

The  number  of  atoms  of  oxygen  contained  by  silic^ais  still  left 
undecided  by  the  foregoing  experiments.     The  circumstatide 
ihnlt  its  carburet  does  not  alter  in  weighic  when  calcined  afibrdif 
iMei^d  a  presuD7/>tion  that  silica  belongs  to  the  cY^^  oil  QiC\dA!l 
whiW  dimtma  tbt^Q  moms  of  oxygon;  but  0^  \bM^)fe^  <^^i^ 


1S2  If.  BerxeKui  on  SiHeiuni, 

layrtiiKiw^  forms  of  bodies  will  require  to  1)6  much  fiEUPtfaer- 
extended,  before  it  will  be  possible  to  deduce  imequivocal  con- 
elusions  respecting  the  number  of  atoms  of  oxygen  which  exist 
in  oxides.  The  supposition  that  silica  is  constituted  of  an  atom 
of  each  of  its  elements  is  unquestionably  the  simplest,  and  the 
most  convenient  for  the  purpose  of  expressing  the  composition 
of  silicates  by  formulae ;  but  this  view  obliges  us  to  admit  the 
improbable  existence  of  silicates  in  which  the  silica  contains  six 
times  the  oxygen  of  the  ba^e ;  a^,  for  example,  in  apophylUte, 
in  which  one  atom  of  potash  would  be  combmed  with  12  atoms 
of  silica. 

B.  Fluoboric  Acid. 

The  characteristic  properties  of  a  strong  and  corrosive  acid 
which  the  compouna  hitherto  styled  fluoDoric  acid  possesses, 
have  caused  it,  from  our  earliest  knowledge  of  its  existence, 
to  be  regarded  as  a  double  acid,  which,  with  bases,  has  a  ten- 
dency to  form  double  salts,  containing  two  acids  and  one  base. 
This  property  indeed  it  possesses  in  a  far  higher  degree  than 
the  silicated  fluoric  acid ;  but,  as  is  the  oase  with  that  com- 
pound, its  most  distinguishing  tendency  is  likewise  to  produce 
double  salts  containing  one  acid  and  two  bases,  the  boracic 
acid  invariably  constituting  one  of  the  latter.  I  shall  hereafter 
demonstrate  that  it  thus  forms  a  class  of  salts,  which  are  con- 
stituted in  obedience  to  the  same  laws  with  the  corresponding 
salts  of  silica. 

'  Gray-Lussac  and  Thenard,  and  J.  Davy,  have  stated,  that 
fluoboric  acid  is  absorbed  by  water  without  decomposition. 
This  however  is  inaccurate ;  for  I  have  ascertained  that  when 
the  acid  gas  is  passed  into  water,  it  deposits  a  considerable 
quantity  of  boracic  acid,  just  as  silicated  fluoric  acid  deposits 
pne  third  of  its  siUca.  If  the  liquid  acid  be  cooled  or  very 
slowly  evaporated,  an  additional  quantity  of  boracic  acid 
separates ;  but  if  it  be  concentrated  in  an  elevated  temperature, 
it  volatilizes  without  leavin;^  any  residue,  a  proof  that,  in  a 
certain  degree  of  concentration,  the  compound  which  had  been 
4ecomposed.by  water,  is  reproduced. 

It  would  be  impossible  by  direct  analytical  experiments  to 
ascertain  the  composition  of  the  gaseous  fluoboric  acid,  or  to 
determine  the  quantity  of  boracic  acid  which  is  disengaged  by 
dissolving  the  gas  in  water,  and  indeed,  without'  a  previous 
knowledge  of  silicated  fluoric  acid,  the  composition  of  nuoboric 
acid,  and  the  proportions  of  its  combinations  with  other  bodies, 
would  present  two  of  the  most  difficult  problems  which  still 
remain  to  be  resolved  by  chemical  analysis;  but  in  conse- 
^uence  of  the  complete  analogy  which  subsists  between  the 
/uwperlieB  of  these  two  substances,  the  simplest  experiments 
wne^ito  d^poostmtei  that,  Yrvtiot  ikie  e^cei^XAou  5>^  t&Hs^ y^; 
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portions,  they  are  both  coiistituted  according  to  precisely  the 
same  laws. 

Boracic  acid  has  a  more  energetic  affinity  than  silica  for 
flaoric  acid;  nevertheless,  it  is  incapable  of  producing  a  pei^ 
feet  decomposition  of  the  fluate  of  silica.  The  gas  obtauaea  by 
J.  Davy's  process  is  invariably  contaioiaated  nitb  fluate  of 
silica ;  and  aa  my  attempts  to  precipitate  the  silica  from  it  by 
meana  of  bocicic  acid  proved  unsuccessful,  I  always  prepared 
the  fluoboric  acid  which  I  employed  in  my  experiments  by  dis- 
solving boracic  acid  to  saturation  in  pure  tluonc  acid. 

The  methods  which  hrst  occurred  to  me,  as  promising  to 
disclose  the  composition  of  fluoric  acid,  were,  to  decompose 
the  silicated  flaate  of  potash  or  soda  by  boracic  acid  ;  to  mix 
a  solution  of  borax  with  fluoric  acid,  in  the  expectation  of 
converting  the  whole  quantity  of  the  borax  into  a  double  salt ; 
or  to  combine  fluoboric  acid  directly  with  saline  bases  ;  but  in 
bU  of  them  I  experienced  a  total  failure.  It  only  remained  for 
me  to  attempt  thu  direct  combination  of  a  fluate  with  boracic 

tfcid;  and  by  this  synthetical  process,  I  was  fortunate  enough 
to  attain  my  object. 

Borofluate  of  Potash. — This  salt  falls  as  a  gelatinous  precipi- 
tate  when  fluate  of  potash  is  mixed  with  a  solution  of  borate  of 
potash.  By  desiccation  it  assumes  the  form  of  a  fine,  mealy, 
white  coloured  powder.  Its  taste  is  weakly  bitter,  but  not  at 
all  acid,  and  it  does  not  redden  litmus  paper.  It  is  anhydrous. 
100  parts  of  cold  water  dissolve  1*42  part  of  the  salt :  boiUng 
water  dissolves  it  in  considerably  larger  quantity.  It  is  slightly 
^uble  also  in  boiling  alcohol.  When  ignited,  itfuses  and  gives 
Bflff  fluoboric  acid  gas;  but  for  complete  decomposition  it 
iquires  a  much  longer  continued  and  more  violent  heat  than 
corresponding  salt  of  silica.  This  salt  is  soluble  in  boiling 
hot  solutions  of  the  alkalies  and  their  carbonates,  and  as  the 
liquids  cool,  it  crystallizes  again  unaltered. 

Borojiaate  of  soda  is  more  soluble  in  water  than  the  acid 
and  neutral  fluate  of  soda,  and  by  slow  cooling  it  crystallizes  in 
large,  tmosparent,  four-sided  rectangular  prisms.  This  salt 
has  a  bitterish  and  weakly  acid  taste,  and  strongly  reddens 
litmus  paper.  It  contains  no  water  of  crystallization.  It  is 
sparingly  soluble  in  alcohol. 

Baiqfiuale  of  lithia  may  be  prepared  by  precipitating  the 
boroHuate  of  barytes  with  sulphate  of  lithia.  it  is  very  soluble 
in  water,  tastes  like  the  salt  of  soda,  and  crystallizes  in  large 
prisms.  In  a  moist  atmosphere  it  deliquesces  and  runs  to  a 
liquid. 

Jiorofiuale  of  Aminotiia, — When  boracic  acid  is  introduced 
into  a  solution  of  neutral  fluate  of  ammonia,  it  is  instantly 
dissolved ;  aininoiiiu  is  at  the  same  time  dfseitgaged,  and  oia.'j  ^ift 
deified,  by  the  smelU  ICao  excess  of  acid  V^\i^u  eia'^s>'j^^» 


iA^  l^tdt' obllLifild^  by  ^T^peitetiog  thci  seluHoti  fe  the  bdifodaate 
of  ammonia.  It  is  undoubtedly  remarkable  that  in  theit  dfCfM^ 
H'iLnteB'ihe  botacic  add  should  be  tapaMe,  iike  A  base,  ofdis- 
"placmg  ammoma :  but  such  is  the  operatioti  of  the  oombtDed 
HffiliitkHB« 

The  dry  salt  may  be  stibliitied  without  undergoing  decom- 
)K)sitioti.  Its  taste  r^sembiea  that  of  8al*ai](iinonia€>  and  it 
teddens  litmus  paper.  It  is  largely  tioluble  both  in  water  and 
in  aloohoL 

This  salt  is  of  a  different  oonstitution  from  the  eompoundi^ 
^ich  are  produced  by  the  neutral  oondensatibn  of  fluoboric 
acid  and  ammoniacal  gases. 

-  Boffqfluate  of  barytes  is  modt  readily  obtained  by  adding 
earboi^ate  of  barytes  in  small  quantities  at  a  time  to  dilute 
fldobcrric  acid,  until  it  ceases  to  be  dissolved.  By  spontaneous 
etapotation  of  the  solution,  it  crystallizes  in  four-sided  rec* 
tangular  prisms.  This  salt  posseses  an  acid  reaction,  but  its 
taste  resembles  that  of  the  barytic  salts  in  general,  and  is  not 
in  the  least  degree  acid.  In  a  temperature  above  104^,  it 
effloresces,  and  loses  its  water  of  crystallization.  Alcohol  de- 
composes it  into  a  soluble  acid  salt  and  an  insoluble  pulverulent 
eompound,  whose  composition  I  have  not  examined.  The 
^Yystals  contain  10-34  pei*  cent,  of  water,  whose  oxygen  iSi 
tilerefore  double  that  of  the  barytes. 

'  Borqfiuate  of  Lime. — A  gelatinous  mass,  which  has  an  acid 
tMte,  and  reddens  litmus  paper. 

Borqfluate  of  magnesia  is  very  soluble  in  water,  and  shootsi 
during  evaporation  in  large  prismatic  ciystals.  Its  taste  is 
Jiitt^r,  like  that  of  the  other  salts  of  magnesia. 

-  Bofqfiuaie  of  alumina  and  borqfluate  of  yttria  are  only  soluble 
1)1  water  when  assisted  by  an  excess  of  acid ;  and  by  slow  eva- 
poration of  the  solution,  they  may  be  obtained  in  crystals. 

Borqfluate  of  oxide  o/*  feao  shoots  by  spontaneous  evaporation 
ik  short,  four-sided,  apparently  rectangular  prisms  or  tables, 
Resembling  the  crystals  of  the  borofluate  of  barytes.  Its  taste 
ill  at  first  sweet  and  astringent,  but  it  finally  leaves  an  impres- 
ilioti  of  acidity.  Both  water  and  alcohol  decompose  rt  into  an 
ibeid  and  a  sub-salt. 

Borqfluate  of  oxide  of  zinc  may  be  prepared  by  dissolving 
ssinc  filings  in  nuoboric  acid.  It  is  uncrystallizable  and  deli- 
({uesceht. 

•  Borqfluate  of  oxide  of  copper  is  very  soluble  in  water,  and 
yields  by  evaporation  a  mass  of  bright  blue-coloured  acicular 
crystals,  whicn  are  excessively  deliquescent. 

i- 1  tome  now  to  the  investigation  of  the  constitution  of  these 
ddttpounds';  for  whidh,  however,  a  knowledge  of  the  saturating 
^fAiSi^'Ofbdrado  acid  is  indispensable. 
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Irid  at  74*17  per  cent.,  and  its  saturating  capEicity  at  37-08^. 
Ibese  numbers  ure  founded  upon  my  analysis  of  borate  of 
knunonia,  and  of  the  crystallized  hydrous  boracic  acid.  The 
IkBre  recent  analysis  of  L.  Gmelia  and  Arfwedson,  led  me  to 
listrust  the  accuracy  of  these  determinations,  and  I  attempted 
fei  reproduce  a  borate  of  ammonia,  similar  in  constitution  to 
Be  one  which  I  originally  analyzed.  But  all  my  trials  with 
Bis  view  proved  unsucces still,  and  I  suspect  therefore  that 
pome  error  had  been  committed  in  determining  the  weight  of 
Hie  specimen  employed  in  my  iirst  analysts, 
p  To  determine  the  composition  of  boiax,  I  dissolved  it  in  a 
kixture  of  the  fluoric  and  sulphuric  acids,  snd  evaporated  the 
ulution  to  dryness;  2'634  grammes  of  the  fused  salt,  decom- 
■Bsed  by  this  process,  yielded  l'S53  gramme  of  sulphate  of 
HKla.  100  parts  of  borax  contain  therefore  69'173  parts  of 
feracic  acid  and  30'827  parts  of  soda.  The  crystals,  by  fusion, 
pst  47"  1  per  cent,  of  water.  According  to  these  esperirafinte; 
^e  crystalhzed  salt  is  composed  of  >  ^^^^J 

I  Boracic  acid  . .  36-59  ^^H 

[  Soda 163]    ....oxygen    4-1715  I 

r  Water 47-10  41-889 

t  The  oxygen  of  the  water  is  obviously  10  times  tiiat  of  the 
ba^e.  The  proportion  of  the  soda  would  probably  be  obtained 
■nst  accurately  by  computation  from  that  of  the  water,  both 
because  the  latter  is  susceptible  of  a  more  rigid  analytical  deter- 
knfttion  than  the  former,  and  because  any  error  in  the  gnan.- 
ply  of  the  water  would  induce  a  cotresponding  error  oi  only 
■ne-tenth  the  amount  upon  that  of  the  soda,  Ihe  composition 
ft  borax,  according  to  this  calculation,  would  be 

f  Boracic  acid 35-6248   , . . ,   100- 

L  Soda 16-3753    ....     44-8336 

L  Water    47-1000 

W  These  44'8336  soda  contain  11-4684  oxygen,  which  number 
niiicates  the  saturating  capacity  of  boracic  acid  in  all  the  salts 
Roportional  with  borax.  The  acid  also  must  contain  oxygen 
Ksome  multiple  of  11-4684. 

f  M.  Arfwedson  analyzed  no  fewer  than  three  distinct  combi- 
pitions  of  boracic  acid  and  ammonia.  Hia  results  were  as 
blows : — 

I  (1)       (2)        (3)    :':^j 

K  Boracic  acid   ....  64-0    ....  63-34    ....  65-95      n^^^l 

r         Ammonia 7-9    12-88    21-55        T^^l 

t  Water 'iH-l    ....!23-78    ....22-50 

■^In  these  saJts  the  boracic  acidic  combVneA mt\v (^^.■n.'0\t\e,4 
IIWiwrnjiM:  -wiucit  urn  -eqiHyatonv  i»  QthW^w»ftite*%*t%^-,  j 
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.11*468,  and  17*202  of  oxygen :— numbers  whose  reactive 
' ratios  are  1  :  2  :  3.  In  the  borate  of  ammonia  which  I  ori- 
ginally analyxedy  the  acid  appeared  to  be  combined  with  a 
^antity  of  base  representing  34*4  of  oxygen,  which  is  six 
times  the  lowest  degree  of  combination.* 

From  the  analysis  o(  native  borate  ofmagnenaj  M.  Arfwedson 
deduced  the  saturating  capacity  of  the  acid  to  be  16*83,  that  is> 
▼^ry  nearly  17*2.  In  the  crystallized  borate  of  potash,  prepared 
from  boracic  acid  and  carbonate  of  potash,  the  saturating 
capacity  of  the  acid  proved  jbo  be  5*7,  and  when  anhydrous 
boracic  acid  was  fused  with  carbonate  of  potash,  and  the  loss 
of  weight  in  carbonic  acid  determined,  it  was  found  that  100 
parts  of  boracic  acid  had  combined  with  139  parts  of  potash, 
whose  oxygen  amounts  to  23*61.  By  a  similar  experiment 
with  carbonate  of  soda,  it  was  found  that  100  parts  of  acid 
jhad  combined  with  135*5  parts  of  soda,  which  contain  34*66  of 
oxygen.  .  These  experiments  therefore  gave  the  following  satu-* 
rating  capacities : 

5*734  in  the  biborates  of  potash  and  of  soda. 
11*468  in  borax,  and  in  neutral  borate  of  ammonia. 
17*202  in  boracite,  and  in  borate  of  ampionia. 
22*93    in  subborate  of  potash . 
34*40    in  subborate  of  soda  and  of  ammonia. 

On  comparing  these  numbers,  we  find  that  they  are  multiples 
of  the  lowest  by  2,  3,  4,  and  6. 

Two  methods  presented  themselves  for  a  deternunation  of 
the  composition  of  boracic  acid ;  namely,  either  an  investigation 
of  the  relative  proportions  in  which  it  combines  with  fluoric 
acid,  or  direct  synthesis  by  the  oxidation  of  boron.  For  the 
first  of  these,  the  analysis  of  the  borofluates  of  barytes  and  of 
potash  appeared  to  me  most  suitable. 

100  parts  of  the  salt  of  barytes  yielded  10*5  parts  of  water, 
and  67*2  parts  of  sulphate  of  barytes  =  44*10  per  cent,  of 
barytes.  150  parts  of  the  salt  of  potash  yielded  103*8  parts*  of 
sulphate  of  potash  =  37*417  per  cent,  of  potash. 

My  direct  experiments  on  the  oxidation  of  boron  (to  be 
telated  hereafter)  rendered  it  probable  that  boracic  acid  con- 
tains 68*81  per  cent,  of  oxygen;  and  this  composition  would 
correspond  accurately  with  the  analysis  of  the  aouble  salts,  if 
we  suppose  them  to  be  constituted  in  such  a  manner  that  the 
fluoric  acid  contains  four  times,  and  the  boracic  acid  three  times, 
the  oxygen  of  the  base,  or,  in  other  words,  that  the  boracic 
acid  is  combined  with  thrice  as  much  fluoric  acid  as  the  al- 
kaline base. 

To  verify  this  composition,  I  dissolved  in  water  250*6  parts 
fit  (oyBtalimed  bicarbonate  of  potash  and  154*66  parts  of  crys- 
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above  Bupposition,  represent  an  atom  of  each  of  the  two  sub- 
stanc€B),  and  added  to  the  mixture  as  much  fluoric  acid  atf 
rendered  it  slightly  acid.  The  solution,  alter  having  beeiv 
concentrated,  was  iound  to  contain  no  excess  either  of  potash 
or  of  boracic  acid,  and  when  evaporated  in  a  water-baih,  it 
yielded  to  the  last  drop  borotiuate  of  potash.  This  was,  there- 
fore, the  real  constitution  of  Ihe  double  salt. 

We  are  now  entitled  to  deduce  the  following  conclusions 
with  respect  to  the  composition  of  the  boracic  and  thefiuoboric 
acids,  and  of  the  fluoborates. 

Boracic  acirf  contains  six  times  as  much  oxygen  as  the  soda 
with  which  it  is  combined  in  borax,  that  is,  68'8104  per  cent. 
It  is  capable  of  combining  with  bases  in  such  proportions, 
that  its  oxygen  amounts  to  12,  6,  4,  3,  and  2  times  the  oxygen 
of  the  bases,  and  as  in  these  combinations  the  multiples  12  and 
6  occur  far  more  frequently  than  any  of  the  others,  it  appears 
highly  probable  that  boracic  acid  contains  6  atoms  of  oxygen, 
and  tnat  the  salts  whose  constitution  is  proportional  with  that 
of  borax,  are  neutral  borates.  On  this  supposition,  an  atom  of 
boron  weighs  271'96,  and  an  atom  of  boracic  acid  871-96. 
Ibe  numerical  composition  of  boracic  acid  is  "^^H 

Boron 31-1896 100-00  )^| 

Oxygen  68-8104 220-62  If^B 

The  crystallized  boracic  acid  contains,  according  to  my 
early  experiments,  44  per  cent,  of  water,  of  which  it  loses 
one  half  when  exposed  to  a  temperature  above  212°,  and  the 
second  half  when  combined  with  a  different  basis.  It  follows 
from  this  that  boracic  acid  is  capable  of  combining  in  two  pro- 
portions with  water;  and  that  in  the  first  of  these  compounds 
the  water  contains  as  much  oxygen  as  the  aCid ;  but  in  the 
second,  only  half  that  quantity.  The  numerical  composition  of 
these  two  hydrates  is 

■  Soracic  acid 1  atom  ....  72*1 ;  1  atom  , . , ,  56*38 

^  Water 3    27-9;  6 43'62 

^»  ftuoboric  acid,  on  the  hypothesis  that  fluoric    acid   is  an 
■■  oxygen   acid,  is  so   constituted,  that  the  two   acids   contain 
equal  quantities  of  oxygen  ;  that  is,  it  consists  of  an  atom  of 
boracic  acid  and  3  atoms  of  fluoric  acid.     Its  numerical  com- 
position is 

l_^  Fluoric  acid 47-942 

^t  Boracic  acid 52-058 

r  When  fiuoboric  acid  gas  is  absorbed  by  an  excess  of  water, 
ODe-fourth  of  the  boracic  acid  is  disengaged  :  the  compound 
thus  formed  consists  of  au  atom  of  hydrous  ftuotic  atvd  ^ud^n 
atam  of  fiaabom  »ciii. 
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.  The  hareftuaits  are  produced  when  in  tiiis  odrnpound  th^ 
Wftter  is  replaced  by.  any  other  base,  and  they  are  bo  consti- 
tfutisd,  that  the  bast  %$  associated  in.  them  with  four  times  as  much, 
jiuoric  aeid  as  im  the  neutral  salt,  and  with  a  quantity  of  boracic 
addf  which  contains  titrice  as  much  oxygen  as  the  base.  These 
si;lt8,  therefore,  jcontain-  an  atom  more  of  fluoric  acid  than  the 
correspoading  combinations  of  silica. 

■/  I  Bofw  proceeded  to  give  a  rfinal  confirmation  to  these  con- 
elusions^rhy  determiniBg  :the.(]^uantity  of  oxygen  which  is  ab-i- 
sorbedbyitioron  during  its  acidification ;  but  after  having  paadei 
trial  *Q£9wiou»  processes,  I  foand  it  impossible  to  prepare  boron 
in  a  state  of  such  absolute  pniity,  that  the  composition  of 
\]^rafiic^0md  o^uld  by  means  of  it  be  determined  with  more  pre- 
^ifut^'thim.- by  the  indirect  methods  already  described.  The 
IRest"  successfol  experiment  which  I  was  able  to  make  was  one 
iftwhiQhK)*03&  gramme  of  boron  was  converted  by  ignition  in  a 
Qlirrent  of  oxygen  gas  into  0*091  gramme  of  boracic  acid,  and 
acpmling  to  whioh  boracic  acid  ought  to  contain  61'&  per, 
ip$nl^:io£> oxygen;  but  the  boron  here  employed  was  contami- 
PlBttedwithTQarbon,.  whose  volatilization  during  the  combustion 
would,  necessarily  cause  the  apparent  augmentation  of  weight 
to  fall  short  of  the  truth. 

Boracic  jicid,  and  Fluate  of  SiVfca.-^Silicated  fluoric  acid  gas 
is  not  affected  by  dry  boracic  acid,  but  it  is  instantly  absorbed 
by;tbe  oryst^ized  hydrate*  The  product  is  a  true  chemical 
^ombi^tion,  in  which  the  boracic  and  fluoric  acids  are  sa 
proportioned  that  they  contain  equal  quantities  of  oxygen,  and 
^■whiBh  the  fluoric  acid  is  divided  equally  between  the  horacic 
aeid,  and  the  siUca.  This  substance  does  not  smoke  when 
exposed  to  the  air,  as  would  happen,  were  it  a  mere  mixture 
of  fluoboric  ajcid  and  silica.  Water  decomposes  it,  and  disen-i 
gages  about  three  fourths  of  the.  sihpa. 

Fluobordtes, — By  this  appellation  I  propose  to  designate  the,- 
double  salts,  in  which  a  sttig/e  base  exists  in  combination  with 
boracic  and  fluoric  acids.  They  appear  to  be  produced  when 
the  foregoing  compounds  are  saturated  with  the  base,  and  to 
be  capable  of  existing  in  a  variety  of  proportions  between  the 
fluate  and  borate.  I  nave  not  examined  apy  of  them  minutely  '^ 
at  present,  they  possess  too  little  interest,  to  induce  one  to  en-*, 
counter  the  dimculties  which  would  attend  an  exact  determir 
nation  of  the  proportions  of  the  two  acids. 

Boron. — The  easiest  and  most  economical  method  of  pre-' 
paring  boron,  is  to  decompose  an  alkaline  borofluate  by  potas- 
sium. Boracic  acid,  even  by  protracted  fusion,  cannot  be 
pompletely  deprived  of  water,  and  it  absorbs  an  additional 
quantity  ai-ring  pulverization;  this  is  the  cause  why  the  re-^ 
aaciiim  ofboraeio  acid  is  accompanied  by  a  rather  violent  deto-^ 
nation^  and  why  a  portion  of  the  mixlux^*MA:a  ^oMxdL.Y^^^'^^^ 
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from  the  crucible.  On  the  tjontrary,  when  the  boruflu<ife  of 
potash  has  been  sufBciently  dried,  the  sound  at  the  instant  of 
the  reduction  is  scarcely  audible,  and  for  every  atom  of  potas- 
cium  expended  we  obtani  the  corresponding  quantity  of  boron. 
The  only  inconvenience  attending  this  operation  is  the  tediout^ 
sdulcoration  which  is  requisite  in  order  to  remove  the  unde- 
composed  borofluate  ot  potasli:  perhaps  this  disadvantage 
Biiglitbe  obviated  by  employing  sodium  and  the  borotinate  of 
soda.  The  boron  must  be  washed  with  a  solution  of  sal- 
uniuomac,  and  finally  with  alcohol;  because  when  pure  water 
ia  employed  for  this  purpose,  a  considerable  portion  passes  in  a 
diseolvcd  state  through  the  filter. 

Su/p/uiret  of  Bnioii. — Boron  is  capable  of  forming  a  eul- 
phuret,  but,  contrary  to  what  has  been  hitherto  supposed,  no 
combination  takes  place  between  the  two  substances  except  in 
a  temperature  greatly  exceeding  the  boiling  point  of  sulphur. 
It  takes  tire  and  burns,  when  strongly  ignited  in  the  vnpour  of 
sulphur.  The  sulphuret  is  a  whito  opaque  mass.  When  put 
jnto  water,  it  is  rapidly  converted  into  sulphuretted  hydrogen 
gaa  and  boracic  acid;  the  liquid  at  the  same  lime  becomes 
fpoTc  or  less  milky,  in  conseq^uence  of  the  precipitation  of 
v-j^tulphur.  I  am  disposed  to  think,  from  the  observations  which 
^1  have  made,  that  boron  is  capable,  of  combining  in  several 
Ofitinct  proportions  with  sulphur. 
Chloride  of  Boron. — Sir  H.  Davy  ascertained  that  boron 
W'en  without  the  application  of  heat  takes  fire  spontaneously  in 
^ilorine  gas  and  undergoes  brilliant  combustion;  but  he  did 
jot  examme  the  produst  of  the  combination.  I  have  con- 
pmed  Davy's  Etatement;  if,  however,  the  boron  be  very  pure, 
Wd  if  it  has  been  previously  ignited  moderately  in  vacuo,  no 
nmbination  takes  plaoe  until  heat  is  applied.  The  product  of 
Be  combustion  is  a  newgas,  which,  in  contact  with  atmospheric 
jtf,  smokes  as  strongly  as  ^uoboric  acid  gas.  It  must  be  col- 
Kted  over  mercury,  which  abaorba  the  excess  of  chlorine, 
jhis  gas  is  colourless,  and,  in  consequence  of  the  formation  of 
BurikLic  acid  at  the  expense  of  the  atmoBpheric  humidity,  it 
ft  a  strong  suffocating  odour.  It  is  rapidly,  but  not  instan- 
iDQOUsly,  absorbed  by  water,  and  when  the  proportion  of  the 
"s  small,  a  quantity  of  boracic  acid  is  deposited  upon  its 
'.  Alcohol  also  dissolves  it,  and  acquires  the  same  odour 
r  etlier,  as  when  it  has  absorbed  muriatic  acid  gas. 
L  Cbtoride  of  boron,  when  mixed  with  ammoniacal  gus,  con- 
bnses  and  forms  a  salt,  which  may  be  sublimed  unaltered,  but 
llhicb  iu  less  volatile  than  sal-ammoniuc.  If  the  salt  be 
ioiatened  previously  to  sublimation,  there  remains  behind  a 
taniily  of  boracic  acid.  One  volume  of  the  gas  condenses 
.  volume  of  amiQDniacal  gas.  Cblotide  o(  \joiQtt  \s  1^1301- 
sedof  .  . 
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Chlorine 0(^743 

Boron...... 9*257 

Fhidric  aci4j  unless  aided  by  nitric, ttcid,  neither  oxidate* 
nor  dissolves  boron. 

It  has  been  affirmed  that  boron  is  dissolved  in  the  dry  way 
by  alkalies,  eLnd  that  when  the  fused  mass  is  treated  with  water, 
the  boron  is  taken  up  by  the  alkaline  liquid^  and  forms  with  it  a 
yeUow  coloured  solution.  •  This  is  incorrect  When  boron  is 
Ignited  with  an  alkaline  carbonate^  it  detonates  at  the  expence 
of  the  carbonic  acid  ;  and  when  it  is  ignited  with  the  hydrate 
of  a  fixed  alkali^  hydrogen  gas  is  disengaged  with  effervescence, 
and  horaclc  acid  is  farmed. 

In  the  properties  which  have  now  been  brought  under  review, 
boron  possesses  so  close  a  resemblance  to  sfliciumi  that  the 
two  substances  may  be  associated  with  one  another,  in  the 
same  manner  as  we  have  been  accustomed  to  associate  arsenic 
with  phoisphorus  and  selenium  with  sulphur.  The  affinities  of 
boron,  however,  are  stronger,  and  in  the  lower  temperatures, 
more  active  than  those  of  silicium ;  thus,  it  detonates  with 
nitre  in  a  low  red  heat  with  such  energy,  that  the  explosion 
may  be  almost  compared  to  that  of  gunpowder. 

iTohiCOnHnmid.) 


Article  VIII. 

On  Forge  Scales.    By  M.  P.  Berthier.* 

When  pieces  of  iron  are  heated  to  whiteness,  in  order 
to  draw  them  out  into  bars,  or  roll  them  into  plates,  they  be- 
come covered  with  a  coat  of  oxide,  which  flakes  off  in  scides  by 
the  blow  of  the  hammer,  or  the  pressure  of  the  rollers.  These 
are  called  by  the  workmen  forge  scales. 

The  thickness  of  the  forge  scales  is  proportionate  to  the  time 
that  the  masses  of  iron  on  which  they  are  lormed  have  remained 
in  the  fire,  but  commonly  it  is  iVom  one  to  two  millimetres  ;  (from 
.j_4^  to  .pl^  of  an  inch);  they  are  of  a  shining  black  colour, 
with  a  semimetallic  lustre;  their  structure  is  crystalline  and 
presents  intersecting  laminse,  perpendicular  to  the  surface  of  the 
scales.  They  are  said  to  have  been  observed  distinctly  crystal- 
lized,  in  regular  octohedra. 

They  are  usually  composed  of  two  parallel  laminse,  the  outer 
one  granular  and  blebby,  the  inner  compact  and  crystalline. 
^if  structure  forbids  a  doubt  of  their  being  liquified  at  a  cer- 

•  From  the  AnjMtoi  dt  CbmoaA* 
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Sin  period  of  their   formation :    nevertheless,    althougli   they 
Kcome  eoft  by  an  intense  heat,  we  are  unable  to  fuse  them 
.    jompletely.     It  ia  probable  tliat  their  fusion  is  effected  by  the 
local  heat  which  is  developed  at  the  monaent  when  the  incan- 
descent iron  combines  with  the  oxygen  of  the  air,  and  which 
must  necessarily  be  very  intense,  but  as  it  is  quickly  dissipated, 
the  matter  soon  becomes  solid,  and  assumes  a  crystalline  struc- 
ture, if  not  cooled  too  suddenly,     A  similar  phenomenon  is  seen 
in  the  combustion  produced  by  striking  fire  with  the  iiint  and 
steel,  in  cupellation,  and  in  several  other  instances.       , 
BkXT^^  forger-scaies  are  very  magnetic.     Whenreduced  to  grains 
^^B  the  size  of  a  pin's  head,  they  adhere  to  a  magnet  like,  me- 
^Rnlic  iron.     Tbeir  specific  gravity  is  35;  but,  as  they  always 
contain  some  blebby  cavities,  this  must  be  too  low.     Their 
powder  ia  of  a  dull  greyish  black  colour. 

This  oxide  has  hitherto  been  supposed  to  be  the  same  as  the 
native  magnetic  oxide,  and  that  obtained  by  passing  aquepua 
vapour  over  iron  heated  to  redness.  Having  had  occasion  for 
some  very  pure  oxide  of  iron,  for  some  experiments  on  the  sili- 
cates of  that  metal,  I  used  the  forge-scales,  supposing  them  to 
be  so  ;  but  t  soon  perceived  that  they  do  not  contain  so  much 
oxygen  as  the  magnetic  oxide,  which  at  present  is  considered 
lis  a  deutoiide.  For  instance,  when,  for  the  purpose  of  pre- 
paring a  proto-sihcate  of  iron,  I  employed  calculated  propor- 
tions of  forge-scales  and  iron  filings,  a  certain  portion  of  the 
metel  always  remained  unoxidated  ;  and  when  I  reduced  forge- 
scales  by  cementation  in  a  black  lead  crucible,  I  constantly 
obtained  a  heavier  button  than  the  pure  native  oxide,  similarly 
treated,  would  have  given,  i  was  therefore  induced  to  inquire 
into  the  true  composition  of  these  scales  ;  and  the  results  of  my 
experiments  demonstrate  that  they  are  a  new  oxide,  which, 
from  the  quantity  of  its  oxygeu,  ranks  between  the  protoxide 
and  the  native  magnetic  oxide. 

This  oxide  does  not  produce  any  peculiar  salt;  it  is  decom- 
posed by  the  acids  into  protoxide  and  peroxide,  exactly  like 
the  deutoxide,  and  this  property  affords  a  very  simple  method 
of  analyzing  it,  and  is  the  oue  which  I  adopted.  I  treated  the 
forge-scales  with  pure  muriatic  acid,  in  which  they  dissolve 
ve^  readily,  even  in  the  cold,  if  the  acid  be  concentrated,  and 
the  temperature  of  the  liquid  becomes  considerably  raised.  I 
diluted  the  solution  with  water,  and  threw  down  the  peroxide. 
by  gradually  pouriii^;  in  carbonate  of  ammonia  'till  the  liquid 
was  discoloured.  This  process  is  not  attended  with  any  diffi- 
culty ;  it  gave  me  from  034  to  0'36  of  pero.xide,  according  to 
the  scales  I  employed,  and  which  !  obtained  from  difterent 
forges,  both  from  the  tilt-hammer  and  the  flatting-mill.  The 
purest  SBve  the  largest  quantity  of  peroxide.     N^Ven,  \  ci'si^ 
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slight  disengs^ement  of  hydrogen  gas^  which  lasted  only  a  few 
seconds,  and  evidently  proceeded  from  some  minute  grains  of 
metallic  iron,  accidentally  mineled  with  the  forge  scales.  The 
same  scales  assayed  in  the  dry  way  with  one-fifth  of  their 
weight  of  earthy  glass,  gave  metallic  buttons  whose  weight 
varied  from  0*75  to  0*78.  If  we  compare  these  results  with 
those  which  an  oxide  composed  of  two  atoms  of  protoxide,  and 
otte  atom  of  peroxide  would  give,  we  find  an  almost  perfect 
identity :  for  such  an  oxide  would  contain 

ProtQxide  0-642  -  2y « ;  or  Iron,        0-746  -  100 
Peroxide   0358  -    F  ' ;  or  Oxygen,  0-255  -      0-344- 

I  believe  this  therefore  to  be  the  true  composition  of  the  forge- 
scales. 

According  to  these  results,  we  must  henceforth  reckon  four 
oiddes  of  iron,  in  which  the  quantities  of  oxygen  combined  with 
the  same  quantity  of  iron  are  respectively  : :  6 :  7  :  8  :  9. 

This  oxide  is  formed  whenever  iron  is  in  contact  with  a  more 
oxygenated  oxide  at  a  white  heat,  or  when  heated  in  contact 
with  the  air  so  as  not  completely  to  oxidate  it. 

It  is  necessary  to  observe  that  some  forge-scales  give,  on 
analysis,  much  less  than  0*35  of  peroxide;  but  in  that  case 
diey  are  not  pure,  but  contain  a  mixture  of  scoriae,  which  is 
discovered  by  the  jelly  it  produces  ^vith  concentrated  acids. 
As.the'se  scoriae  are  silicates  of  protoxide  of  iron  with  a  great 
excess  of  baise,  the  presence  of  from  0*02  to  0*06  of  siUca  may 
ditiunish  the  proportion  of  peroxide  nearly  one-fifth.  Perhaps 
it  inay  be  oojected  to  my  hypothesis  of  the  composition  of 
forge-scales,  that  a  mixture  of  deutoxide  and  metallic  iron,  or 
its  protoxide,  would  give  the  same  analytical  results  as  those 
T^hich  I  obtained  wim  my  presumed  new  oxide;  but  if  the 
Si6ales  be  such  a  mixture,  it  is  very-  extraordinary  that  the  ingre- 
dients should  always  be  found  in  the  same  proportion ;  I  shall, 
fiowerer,  obviate  these  objections  by  the  detail  of  some  facts, 
which  in  other  respects  also  I  think  are  not  uninteresting. 
^'  If  the  forge-scales  were  a  mixture  of  deutoxide  of  iron  and 
metaU[ic  iron,  they  would  contain  0*09  of  the  latter ;  but  then 
their  ^ecific  gravity  would  be  much  greater  than  it  really  is, 
sihce  that  of  the  deutoxide  is  more  than  4*7,  and  thi^t  of  iron 
7-5.'  .'Moreover,  when  we  treat  a  mixture  of  very  fine  iron 
filings  and  the  pulverised  deutoxide  or  peroxide,  with  muriatic 
acid,  the  iron  dissolves  before  the  oxide  with  evolution  of  hy- 
droj?en  gas,  and  we  find  in  the  solution  quite  as  much  peroxide 
as  there  would  have  been  without  the  admixture  of  the  metallic 
irpn.  hydrogen  gas  does  not  reduce  this  peroxide  ;  now,  since 
tliA^Jf&^^-^cales  contain  one  half  less  of  peroxide  than  of  pro- 
i^off^^e  .isboiild'  admit,  from  that  circumstance,  that  they 

fiontdiii  Mi(lfl£eir  weight  of  metaOic  \toii,  sr\m3dl  \\.\^  m^^M^^ 
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to  suppose,  since,  when  pure,  they  give  no  seasible  quantity  of 
liydrogen  by  the  action  of  acids.  Besides,  if  they  contained 
Inlf  their  weight  of  iron,  they  would  give  0-85  of  fused  iron  by 
the  assay,  which  is  far  beyond  what  we  obtain. 

It  remains  to  be  ascertained  if  the  forge-scales  can  be  a 
mixture  of  protoxide  and  deutoxide.  If  that  were  so,  since  the 
protoxide  is  very  greedy  of  oxygen,  they  should  have  a  great 
tendcDcy  to  combine  with  that  body ;  whereais,  not  only  are  they 
wholly  unalterable  by  exposure  to  the  air,  but  are  acted  on  even 
by  concentrated  and  boiling  acid  only  very  slowly  and  with 
rreat  difficulty.  I  endeavoured  to  determine  their  composition 
lytbis  method,  estimating  the  quantity  of  oxygen  absorbed 
by  the  increase  of  weight ;  but  I  was  unable  to  convert  them 
'entirely  into  peroxide.  It  is,  moreover,  very  doubtful,  if  the 
|HCitoxtde  of  iron  can  exist  in  a  free  state ;  for  being  a  base 
which  has  such  attraction  for  oxygen,  that  it  decomposes  water, 
it  ia  very  difficult  to  obtain  it  absolutely  uncombined.  The  dry 
way  appearing  to  be  the  only  means  by  which  we  can  hope  to 
RBoceed,  1  made  several  trials  after  that  manner,  but  without 
-mccesa.  The  following  process  seemed  the  most  likely  to  ac- 
eoroplisb  the  object  in  a  direct  manner. 

I  took  several  black  lead  crucibles  lined  with  charcoal,  and 
-placed  lOO  grammes  (1544  grains)  of  pulverised  and  finely 
lifted  forge-scales,  in  each ;  I  then  filled  the  crucibles  with 
.Itbarcoal,  and  closed  their  mouths  with  covers,  carefully  lut^A 
^n,  and  exposed  them  in  a  wind  furnace  to  a  heat  of  about  7(/f 
if  the  pyrometric  scale.  I  took  them  out  of  the  fire  in  suj^ 
Vession — the  first  in  half  an  hour,  and  the  last  in  three  lioiira, 
■ad  compared  the  results.  All  the  buttons  had  become  soUd^ 
without  changing  their  form  or  diminishing  in  volume;  they 
'Were  covered  with  a  coating  of  metallic  iron,  and  the  oxide  in 
tiie  centre  was  neither  fused  nor  altered;  it  gave  the  same 
relative  proportion  of  peroxide  and  protoxide  by  analysis  viS. 
jtamida,  as  at  first.  The  thickness  of  the  metallic  coat  was 
voportionate  to  the  time  the  crucible  had  remained  in  the  fire^ 
be  maximum  thickness  was  five  miUimetres  (nearly  '2  of  an 
ich.)  It  has  a  peculiar  aspect ;  its  surface  is  dull,  and  fracture 
tanular ;  its  colour  is  grey,  inclining  to  olive ;  it  takes  a 
pUiaut  polish  by  being  rubbed  against  hard  substances ;  it 
tay  be  cut  with  a  knife,  and  reduced,  in  that  manner,  to  a  very 
B  powder ;  it  is  as  sofi;  as  lead,  and  has  no  elasticity ;  it  flat- 
is  by  a  blow,  and  retains  the  mark  of  the  hammer;  its  spe- 
IGc  gravity,  at  the  utmost,  does  not  exceed  one-third  that  of 
1  iron;  it  is,  in  fact,  pure  iron,  minutely  divided,  and  in  a 
analogous  to  that  of  spongy  platina, 
If  the  cementation  has  been  continued  for  a  considerable 
me,  the  section  of  the  button  presents,  from  the  &vi.Y&i.c^b  \ja 
,  Srst,  3  vejy  thia  layer  of  metaWVvc  aQo.  o^  «.  ^fte^ 
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blue  or  blaok  colour;  secondly,  a  thick  layer  <of  iron,  of  Mk 
uniform  colour^  inclining  to  olive ;  thirdly,  a  layer  with  shades 
of  black  and  olive,  which  soon  passes  to  the  pure,  and  slightly 
nfietallic  blacky  of  the  scales.  I  examined  the  olive-coloured 
part,  with  the  idea  that  it  might  probably  contain  a  mixture  of 
metallic  iron  and  protoxide  ;  but  I  found  it  composed  wholly  of 
reduced  iron  of  the  utmost  purity^  and  there  is  every  reason  to 
think  that  it  is  even  perfectly  free  from  carbon.  When  treated 
with  muriatic  or  sulphuric  acid,  it  dissolves  without  leaving 
any  residuum,  and  hydrogen  gas  is  disengaged  to  the  last. 
The  last  portions  dissolved  have  the  same  aspect  as  the  whole 
mass.  When  fused  in  a  black  lead  crucible^  either  alone  or 
with  the  addition  of  an  earthy  glass,  instead  of  losing  weight, 
as  would  happen  if  it  contained  protoxide,  it  increases  from 
0*01  to  0*02.  The  portion  with  shades  of  black  and  olive  be- 
haves like  a  mixture  of  metallic  iron  and  forge-scales ;  in  the 
moist  way,  red  oxide  is  always  found  in  it.  This  fact  proves 
that  metallic  iron  exerts  no  action  on  the  oxide  of  the  scales, 
and  consequently  that  it  is  impossible  to  obtain  the  protoxide 
by  heating  any  oxide  with  iron.  The  bluish  coat  of  the  buttons 
seemed  to  me  to  be  steely  iron,  or  to  have  passed  to  the  state 
of  steel,  by  the  absorption  of  a  certain  quantity  of  carbon  ;  but 
I  have  not  positively  ascertained  the  fact. 

The  cementation  of  the  peroxide  of  iron  presents  as  inter- 
esting, and  more  varied  results,  as  the  cementation  of  the  forge- 
scales.  If  the  mass  be  not  very  large,  as  long  as  any  red  oxide 
remains  in  the  centre,  no  metallic  iron  is  produced  at  the 
surface,  but  only  black  oxide.  When  the  heat  has  been  kept  up 
a  sufficient  time,  we  find  in  the  centre  only  magnetic  oxide, 
and  we  may  observe  towards  the  surface,  as  in  the  cementation 
of  the  forge-scales,  the  bluish  steel  layer,  the  layer  of  olive- 
coloured  iron,  and  the  layer  shaded  with  olive  and  black.  The 
magnetic  oxide  in  the  centre  is  variable  in  its  composition ;  in 
one  experiment  I  found  in  it  0*48  of  peroxide,  and  0*52  of  prot- 
oxide, and  in  another  0*60  of  peroxide  and  0*40  of  protoxide. 
Since  the  native  magnetic  oxide  contains  0*69  of  peroxide  and 
0*31  of  protoxide,  it  is  obvious  that  the  oxide  in  question  must 
be  a  mixture^  in  variable  proportions,  of  the  magnetic  oxide  of 
the  forge-scales,  and  native  magnetic  oxide. 

It  appears,  from  what  we  have  seen  above,  that  the  peroxide 
of  iron  is  changed  by  cementation,  first,  into  an  oxide  similar 
to  the  native  magnetic  oxide,  and  that  as  soon  as  this  change 
has  been  effected,  its  reduction  begins  from  the  surface  to  the 
centre,  the  process  going  on  in  such  a  manner  that,  in  proper 
tion  as  metallic  iron  is  produced  at  the  surface,  the  deutoxide 
of  the  forge-scales  is  formed  in  the  interior  of  the  mass,  to  its 
centre;  but  these  proportions  diminish  fiom  the  surface  to  this 
fmot,    La9tlyp  waexi  the  cemei)itii.t\oia  '\%  n^i^  i»^  ^^^s^^^^  \h«^ 
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Hlttoa  becomes  covered  with  a  layer  of  steely  iroa  of  appre- 
^ble  thickness. 

|j  How  does  it  happen  ia  these  experimeDts,  that  the  oxide  of 

Jfoa  is  reduced  without  being  in  contact  with  carbon,  and  even 

■dien  several  centimetves  (1  centimetre  =  0'39  inch)  distant 

rom  it?     This  is  a  queiition  which  in  the  present  state  of  our 

jBowledge  imperiously  demands  an  answer,  and  deservea  to  be 

ipnsidered.     We  might  suppose  that  the  etfect  is  produced  by 

"le  ioflammable  vapours  from  the  furnace,  which  penetrate  aU 

Hous  substances ;  but  It  is  easy  to  satisfy  oneself  that  this  is 

ithe  efficient  cause,  at  least  of  the  reduction  of  the  oxides  of 

a  into  metallic  iron.     In  fact,  if  we  fill  a  crucible  with  red 

tide  of  iron,  placing  a  layer  of  charcoal  below  it  at  the  bottom 

F  the  crucible,   or  if  we  place  the  oxide  at  bottom  and  cover 

t'With  charcoal ;  or  lastly,  if  we  introduce  charcoal  into  the 

tntre  of  a  mass  of  oxide  of  iron,  and  heat  it  for  an  hour  or  two, 

B  shall  tind  that  metallic  iron  Is  formed  only  in  that  part  :0f 

pe  mass  which  was  next  the  charcoal,  and  that  there  is  not  the 

Hgbtest  trace  of  it  at  the  surface  of  the  button  in  the  other 

ttrts,  although  those  parts  were  exposed,  like  all  the  rest,  to 

jfg  inflammable  gases  of  the  furnace. 

C,,The  formation  of  the  forge-scales  on  the  surface  of  iron  is 
|Hite  as  inexplicable  as  the  redaction  of  the  oxides  by  cemen- 
,  tation.  Tbe  oxidation  of  hot  iron  by  the  air  is  a  gradual  process, 
for  the  crust  of  the  scales  is  much  thicker  on  large  masses, 
which  require  a  long  time  to  be  heated,  than  on  thin  bars  or 
plates,  which  heat  much  more  quickly :  now,  as  soon  as  a 
certain  quantity  of  oxide  is  formed,  it  covers  the  iron  like  a 
TarniBh,  and  prevents  iis  contact  with  the  air;  it  must  therefore 
attract  ils  oxygen  through  the  oxides,  just  as  the  oxides  attract 
llie  carbon  through  the  metallic  iron. 

These  effects  must  have  certain  limits,  which  it  would  be 
itaportant  to  ascertain,  as  they  may  perhaps  furnish  an  exphi" 
nation  of  the  phenomena. 

^V  (To  the  Editors  of  the  Amah  of  Philosophy.) 

^^b        6KNTL£M£N,  Ghigov,  J«lt/  9, 18S6. 

^P  Dr.  Thomson,  in  his  First  Principles  of  Chemistry,  recently 
■\Alished,  has  adduced  various  new  experiments  in  proof  of  the 
aootrine  that  the  atomic  weights  of  all  substances  ate  nmltiples 
"by  integer aiimbeiH  of  tJie  atoauf:  weight  oS  V^^'f^?!^^" 


Article  IX. 


r  the  Specific  Gravity  of  Hydrogen  Gaa,  as  modified  hy  the 
Presence  of  Moisture.     By  Mr.  Harry  Rainy. 


dil 
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.  One  of  ibe-tiipst-ittiporttuit  of  tbese  experimenti  itf  telaled  ift 
Yol.i.  p.  67  to  76;  and  is  intended  to  prove  that  the  specific 

gavity  oidry  hydrogen  is  exactly  f^  of  that  ofiiiy  oxygen ;  but 
r.  Thon^on  appears,  to  me  in  this  case  to  haire  been  led  into  a 
very  considerable  error,  by  under-rating  the  quantity  of  vapour 
in  the'  hydrogen.  The  hydrogen  was  disengaged  at  temperature 
49%  at  which,  according  to  Dalton's  table,  the  tension  ot  vapour 
a  0*363  inch.  Dr.  Thomson  supposes  the  specific  gravity  oS 
vapour  at  49^  to  be  *00533  compared  with  dry  air  at  60^,  and 
underi  a  pressure  of  30  inches.  It  is  easy  to  show,  howevier, 
that  '00633  is  nearly  the  specific  gravity  of  vapour  at  tempera^ 
ture  212%  and  pressure  0*363  inch ;  and  that  the  specific  gmvity 
of  vapour  at  temperature  49^  and  pressure  0*363,  is  considerably 
greater. 

If  the  specific  gravity  of  dry  air  at.temperature  60^  and  baro« 
meter  30  =  1 ;  the  specific  gravity  of  vapour  at  temperature 
212°  and  barometer  30  will  be  0*481,  and  the  specific  gravity 

of  vapour  at  212^  and  barometer  0*363  will  be  0*481  x  ^*  = 

0^00582.  To  find  from  this  the  specific  gravity  of  vapour  at 
tension  0*363,  and  temperature  49%  we  must  consider  that  the 
vapour,  if  reduced  in  temperature  from  212°  to  49%  wiU,  without 
condensing  into  a  liquid,  be  reduced  in  bulk,  like  any  of  the' 
gases,  from  660  parts  to  497  ;*  and  consequently  its  specific 

AAA 

gravity  will  increase  from  0*00682  to  0*00582  x  ^  =  0*00772, 

which  is  the  true  specific  gravity  of  vapour  at  temperature  49%  and 
at  thecorrespondim  tetistonO'SfiS. 

Both  Dr.  Apjonn  and  Dr.  Thomson  have  given  eneneous 
formula  for  calculating  the  specific  gravity  of  aqueous  vapour,. 
founded  on  the  supposition,  that  if  we  take  vapour  at  212  anxL 
barometer  30  as  the  standard,  Che  density  of  vapour  n^  any  other 
temperature  is  exax^tly  proportional  to  the  pressure  which  it 
supports,  without  any  reference  to  the  temperature.t  This. 
opmion  is  quite  inconsistent  with  the  properties  of  vapour,  as  is 
evident  from  the  illustration  which  I  have  just  given;  it  is  also 
inconsistent  with  Gay  Lussac's  theoiy  of  volumes.  Several 
years  have  now  elapsed  since  that  gentleman  has  shown,  that  a 
volume  of  aqueous  vapour  {of  any  tension  and  temperature)  con- 
sists of  one  volume  of  hydrogen  and  half  a  volume  of  oxygen  at 
the  same  tension  and  temperature.  This  is  true  at  212%  but  it 
is  e(]^ually  true  at  49^  or  an^  other  temperature.  The  specific 
gravity  of  aqueous  vapour  is  to  the  specific  gravity  of  atmo- 
spheric air  always  as  0*625  to  1,  the  temperature  and  pressure 

«  Palton  and  Gay  LussM  have  ■hown  that  480  ?dluines  of  a  gat  at  temMatiire  99^, 
txpand  to  497  at  49<*,  and  to  660  at  21 2°.  The  same  is  true  of  vapouzB  if  not  in  con.' 
tact  widi  their  liquids. 

f  Annab  o/Philosopfiy^  N.  8.  Tok  iii.  p«  905  ind  986. . 
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being  the  same.     We  cannot  indeed  have  vapour  at  temperature 


30 


I''  and  barometer  30  lo  compare 
can  have  air  at  4^ 


th  air  at  49°  and  barometer 
id  barometer  0-36?  to  compare 


with  vapour  at  that  temperature  and  pressure. 

1  consider  it  to  t'oilovv  as  a  necessary  consequence  from  Gay 
Lassac's  experiment  on  vapour,  and  his  theory  of  volumes,  that 
the  following  is  the  true  formula  for  the  specific  gravity  of 
aqueous  vapour.  Let  the  specific  gravity  of  dry  air  at  tempera- 
ture G0°  and  barometer  30=  1,  and  its  volume  =  V  ;  and  let  V 
be  the  volume  of  air,  and  p  the  tension  of  vapour  at  any  other 
mperature,  then  the  specific  gravity  of  vapour  at  that  tempt 
ire  will  be 

1  X  ^,.ix  0-625. 

i£  in  this  formula  we  substitute  for  V  and  V  the  numbers 
i  and  497,  which  are  the  relative  volumes  at  60°  and  49°;  and 
up  we  substitute  0'3ti3,  which  is  the  tension  of  vapour  at 
,  we  shall  find  the  specific  gravity  of  vapour  of  maximum 
(osion  8149°  =  I  X  ^  X  ^  x  0-625=  0-00772,a3bythe 
mer  method. 

f  in  Dr.  Thomson's  calculations,  we  substitute  the  number 
•0772  instead  of  0-00533,  which  he  adopts  as  the  specific 
?ity  of  vapour  at  49*,  we  shall  find  that  100  cubic  inches  of 
'  hydrogen  weigh  2-0537  grains ;  and  100  cubic  inches  of 
/gen  weigh  33-915  grains  at  temperature  60°  and  barometer 
;  and  if  we  admit  that  in  these  circumstances  100  cubic  inches 
y  atmospheric  air  weigh  3U-&  grains,  we  shall  have  the  spe- 
sgravity  of  hydrogen  =  0-0673,  the  specific  gravity  of  oxy- 
=  I'lLl,  and  consequently  the  specific  graviti/  of  hifdiogen 
^  specific  aravity  oj'oiygen  as  1  to  1654, 
f-From  this  it  follows,  that  if  Dr.  Thomson's  experiment  is  cor- 
|Bt  (and  of  this  we  can  scarcely  doubt  from  the  care  and  atten- 
1  with  which  it  was  performed),  it  disproves  the  hypothesis 
tat  the  specific  gravities  of  all  the  gases  are  multiples  by  iute- 
ar  numbers,  of  the  specific  gravity  of  hydrogen.  It  is  true 
tat  16*54  does  not  difier  from  Id  by  more  than  about  ^V;  of  the 
^ole>  and  that  a  vE:Ty  slight  change  in  the  number  adopted  for 
e  specific  gravity  of  hydrogen  would  account  for  the  differ- 
.ce;  but  this  merely  shows  haw  difficult  it  is  to  make  any 
[|ieriDient  sufficiently  accurate  to  decide  on  the  truth  of  the 


1 


^  :\  ..4fwlMki«if  SkokL  :  .  [AffOi 


J. 


Article  X. 

.  Akalysbs  ow  Books* 

Ah  Attempt  to  establish  the  First  Principles  of  Chemistry  by 
:  J&xperiment.  By  Thomas  Thomson,  MD.  FRS.  RegluB  Pro- 
'  fessof  of  Chemistry  in  th6  University  of  Glasgow,  &c.  In 
*  tVo  Volumes,  8 vo.    1826. 

'  Th  t  6^  work  may  be  considered  under  two  different  points  of 
▼iew  f^  Arst,  as  a  collection  of  the  principal  facta  upon  which  the 
important  doctrine  of  definite  proportions  or  atomic  theory  is 
founded;  and,  secondly,  as  containing  numerous  experiments 
confirming  those  which  had  been  previously  made,  or  supoly- 
ing.the  deficiency  which,  existed  as  to  the  atomic  weights  orva- 
rious  bodies,  both  simple  and  compound. 

.  After  a  preface  and  advertisement^  we  are  presented  with  an 
kistorical  introduction  of  the  atomic  theory,  occupying  twenty*- 
^ight  pages :  in  this  sketch  we  think  the  author  has  fairly 
alk)tted  i6  each  philosopher  the  portion  of  merit  due  to  him ; 
there  are,  however,  some  statements  which  call  foif  dbsdr^ 
tation ;  and  especially  with  respect  to  the  substance  by  which 
the  atomic  unit  is  preferably- represented — whether  by  hydrogen 
6t  oxygen.  Dr.  Thomson  remarks,  p.  14,-  "  Mr*  Daltod  made 
choice  of  the  atom  of  hydrogen  for  his  unity ;  and  in  this  he  has 
been  followed  by  Dr.  Bfenry,  of  Manchester,  and  by  one  or  two 
<iihemical  gentlemen  in  London.  But  this  method. has  been 
rejected  by  almost  all  the  British  chemists,  and  by  all  the  che- 
mists, without  exception,  in  Europe  and  America."  Has  Dr. 
Thomson  forsotteji,  that  Sir  H.  Davy,  in  his  Elements  of  Chemi- 
cal Philosophy,  has  adopted  hydrogen  as  unity?  We  shall 
not  folidw  the  author  in  all  his  arguments  for  preferring  oxygen ; 
the  strongest  of  these,  and  in  our  opinion  indeed  the  only 
one  which  possesses  any  weight,  and  that  but  little,  ii^  Aat 
**  we  see  at  once  by  a  glance  of  the  eye  the  number  of  atomfr  of 
teygen  which  enter  into  combination  with  the  ▼arious  bodies/' 
This  fact  the  Dot^tor  has  illustrated  by  reference  to  that*  case 
which  of  all  otliers  best  proves  it,  viz.  the  six  oxides  of  mangti-^ 
nese^  for  no  other  body  forms  so  many  oxides ;  but  this  ikciUty  is^ 
We  think,^more  than  counterbalanced  by  the  difficulty  of  seeing  at 
i  glance  whethertheproposed  atomic  weight  of  a  body  is  probably 
the  true  one,  by  determinining  whether  it  is  a  multiple- of  the 
atom  of  hydrogen  by  a  whole  number ;  thus  oxygen  bemg  unity, 
fuming  sulphuric  acid,  is  represented  by  11' 125:  now  it  requires 
an  operation  to  discover  that  this  is  equivalent  to  0*125  x  89, 
and  89  is,  in  our  opinion,  a  much  more  convenient  number,  and 
more  likely  to  be  retained  in  the  memory  than  11*125,  unless  by 
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pome  proeess  whieh  we  h&Te  not  discoyeredi  decimAls^are  mpre 
ei^y  ramemberod  than  whole  luimbers,  and  numerous  figures 
than  few. 

.  With  respect  to  the  decimals, iucluded  in  those  numbers 
which  result  from  the  adoption  of  oxygen  as  unity,  Dr*  Thomson 
obs^nres :  /^  Now  surely  it  will  not  be  said  that  the  fractional 
yuunbers  are  more.unwieldy  or  more  unmanageable  than  the  whole 
numbers ;  while  in  all  oases  of  whole  numbers,  the  advantage  on 
the  side  of  the  latter  method  is  very  great.  Thus  if  hydrogen  be 
unity,  the  atom  of  uraifium  is  208,  wnile  if  oxygen  be  unity,  it  is 
only  2jS/' 

.  Let  it  be  granted  for  a  moment  that  provided  we  have  to  remem^ 
bar  a  certain  number  of  figures,  it  is  indifferent  whether  they.ar» 
decimals  or  whole  numbers ;  and  let  us  then  examine  in  whink 
mode  the  greater  facility  is  obtained*  Dr.  Thomson's  third  taUe 
contains  408  substances  hydrogen ;  being  1,  319  of  these  ace 
represented  by  two  figures^  and  89  by  three,  and  consequently 
^H)  one  by  any  greater  number;  but  oxygen  being  unity,  we 
have  68  bodies  represented  by  one  figure,  104  by  two,  §9  by 
^ee^  143  by  four,  and  4  by  five  figures.  It  will  also  appear 
that  of  246  substances  represented  by  three,  four,  or  five  figures^ 
oxygen  being  unity,  200  are  represented  by  two  figures  only, 
when  hydrogen  is  the  standard  of  comparison.  The  sixth  table 
contains  the  atomic  weight  of  646  bodies ;  of  these,  262  are 
represented  by  four,  five,  and  1  by  six  figures,  of  which  not  one 
would  exceed  three  figures^  hydrogen' being  1. 

These  statements  are,  we  think,  sufficient  to  settle  the  ques- 
tion of  facility.  But  in  conversation,  let  any  chemist  inquire  of  « 
anodier  by  what  number  he  represents  any  given  substanc6-«^ 
let  it  be  nitrate  of  manganeie ;  if  oxygen  be  unity,  the  answer 
will  be  .I9'12d#  If  hydrogen  be  the  standard,  the  answer  will  be 
•163.  Now  this  is  not  an  extreme  case  ;  there  are  many  such  as 
iprill  be  readily  imagined  from  what  has  been  stated.  ■  *  ' 

The  author  proceeds  to  the  consideration  of  the  relative  and 
nbsolnte  weight  of  oxygen  and  hydrogen  gases,  and  the  compoi*- 
nition  of  water.  He  discosses  the  question  whether  that  fluid, 
nccording  to  the  views  of  Sir  H.  Davy  and  Professor  Berzelinn, 
is  a  compound  of  1  atom  of  oxygen  and  2  atoms  of  bydrogen,^^as 
indicated  by  their  respective  volumes,  or  constituted  of  one 
atom  of  eacn  of  its  elements.  We  need  hardly  observe  that  the 
:aiithor  coincides  with  the  views  of  most  other  chemists  in 
adopting  the  latter  opinion. 

•Several  well  imagined  and  executed  experiments  are  related^ 
all  of  which  tend  to  confirm  the  opinion  that  an  atom  of  hydren 
gen  being  1,  that  of  oxygen  is  8,  and  of  water  consequently  •. 
This  part  of  the  subject  had  indeed  been  so  completely  settled 
in  our  opinion  by  the  previous  researches  of  the  author  mtk 
9tb/a»,  that  it  was  acaMely  requisite  ta  perfonaa  firash  azpeiiii: 
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meata  to  decide  it.  Indeed  no  difference  whatever  is  to  be 
found  between  the  specific  gravities  of  any  gases  either  simile 
or  compound  in  die  author's  present  work,  and  those  eontaimd 
in  the  last  edition  of  his  System,  except  in  five  cases  of  the  htter; 

The  recent  experimental  researches  detailed  are  not  founded 
upon  more  obvious  cmt  easy  principles,  but  with  the  ihereased 
dkfieutty  of  complexity.  Of  this:  the  last  method  eaqddyed 
to  ^^UMertain  the  atomic  weight  of  ammoniacal  and  azotic 
gases  offers  an  abundant  proof.  After  havine<determined  the 
atomic  weight  of  azotic  gas  by  the  analysis  oi  atmospheric  air, 
nitric  acid^  protoxide  and  deutoxide  of  a^ot^'and,  nitrous  acid, 
and  havingnrpyed  its  weight  to  be  l'75,a]id  having  altered  at  the 
same  conqldsidn  from  the  analysis  of  ammonia,  the  Doctor  offers 
what  he  s|h>ws  to  be  '^  a  redundancy  of  evidence,''  as  to  the 
composition  of  ammonia,  and  consequently  th^  atomic  weight 
oi&Klto;o.«We',sfaaU  give  this  as  a  jGuup  8pecimeii\of  very  CQta}Hciic 
anldvsis^  exckmted,  we  think/  with  great  nkiU,  and  as  offering 
eonacmatoryr .'evidence  of  the  facts  which  the  .operatioiui  nn^ 
ifcyifiniiifWI  to  ittustrate.  > 

"  1.  Oxalate  of  ammonia  is  a  neutral  salt,  whtcbr.t^rysteUMEes 
in  beautiful  transparent  prisms.  It  is  not  very  soluble  in  water. 
Its  consti&epts  1  have  found,  by  a  caieful  antdysisi^to  be 

1-atom  oxalic  acid •  •  •  4*5 

1  atom  ammonia 2*125 

M  atoms  water  •  •.• « •«•  r.»  •••••««•••  •  z*AXi._ 

■'  ■•  "•"■.'  :■  8-875    :;.■-" 
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8*87£r  grains  of  this  salt  were  dissolffed  in  a  smaU  qjaantil^  of 
distilled  water.  6*25  grains  of  pure  calcareous  spar  (eauiva^sH 
to  3*5  grains  of  lime)  were  dissolve  in  muriatic  acid :  toe  edbr- 
tipn  was  evaporated  to  dryness,  and  thedr]^  residual saH,  constir. 
tuting  muriate  of  lime,  was  redissolyed  in  a  little  water. :  The 
two  solutions  being  mixed,  a  double  deconqiositioii  took- places 
veA  oxalate  of  lime  subsided  to  the  bottom.  As  soon  ^a  the 
supernatant  liquid  had  become  quite  clear,  it  was  tested  by 
oxalate  of  ammonia,  and  bv  muriate  of  lime ;  but  was  not  rea- 
dered  muddy  by  either  of  these  reagents, — showing  that  it  <m>ii^ 
tained  no  hme  nor  oxalic  acid.  Froni  this  it  is  obvious,  that 
8:875  grains  of  oxalate  of  ammonia  contain  just  the  quantity,  of 
oxalic  acid  requisite  to  saturate  3*5  grains  of  lime,  rfow,  3*6 
being  the  atomic  weight  of  lime,  the  oxalic  acid  in  8*875  grains 
of  the  oxalate  must  te  the  equivalent  of  an  atomt  or  4*5;  for  it 
will  be  shown  afterwards  that  4*5  is  the  atomic  weight  of  oxalic 
4^cid. 

. ''  The  liquid  from  which  the  oxalate  of  lime  had  precipitated 
vas  neutral :  hence  the  muriatic  acid  in  the  muriate  of  lime  was 
jnst  cap^le  of  aaturating  the  whole  ammonia  in  the  8*875  gKains 
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of  oxalate  of  ammonia.  Now,  thia  muriatic  acid  weighed 
exactly  4'623  grains.  And  it  will  be  shown  in  the  next  para- 
g;raph,  that  4'(i2o  grains  of  muriatic  acid  just  saturate  2*125 
grains  of  ammonia.  This,  therefore,  is  the  quantity  of  ammonia 
in  8*875  grains  of  oxalate  of  ammonia, 

"  We  have  thus  determined  the  weight  of  acid  and  ammonia 
n  8'875  grains  of  oxalate  of  amnionia.     The  surplus  weight 
Ming  undoubtedly  water,  it  is  obvious  that  the  constituents  of 
ilate  of  ammonia  are 


1  atom  oxalic  acid 4'5 

1  atom  ammonia 2-125 

2  atoms  water 2'25 

8-875 


n 


Sie  atomic  weight  of  ammonia  in  this  salt  is  undoubtedly  2*125. 
j  "  2,  Sal-ammoniac,  when  newly  sublimed,  orwhen  dried  for 
^me  time  upon  the  sand  bath,  is  an  anhydrous  salt.     It  is  neu- 

■ ;  and,  therefore,  a  compound  of  one  atom  muriatic  acid  and 

e  atom  ammonia. 


1  atom  muriatic  acid 4'625 

1  atom  ammonia 2'  1 25 

6-75 


n 


6'75  grains  of  pure  dry  sal-ammoniac  were  dissolved  in  water ; 
2l"5  grains  of  pure  anhydrous  nitrate  of  silver  were  dissolved  in 
another  portion  of  water,  and  the  two  solutions  were  mixed.  A 
double  decomposition  took  place,  and  chloride  of  silver  precipi- 
tated. As  soon  as  the  residual  liquid  had  become  clear,  it  was 
tested  by  nitrate  of  silver  and  common  salt.  Neither  of  these 
salts  produced  any  effect,  if  we  except  an  almost  imperceptible 
opalescence  which  appeared  when  the  common  salt  was  added  ; 
bat  there  was  no  precipitate  whatever,  even  after  the  liquid  had 
stood  a  week.  From  this  experiment  it  is  obvious,  that  6*75 
grains  of  sal-ammoniac  contain  just  4'()25  grains  of  muriatic  acid ; 
for  that  is  tlie  quantity  necessary  to  saturate  the  14'75  grains  of 
oxide  of  silver  present  in  21'5  grains  of  nitrate  of  silver.  Hence 
tfae  other  constituent  of  the  salt,  the  ammonia,  must  weigh 
2*125,  because  that  is  the  weight  wanting  to  make  up  the  lull 
quantity  of  sal-ammoniac  eDiployed ;  and,  as  sal-ammoniac  is 
neatral,  and  4'625  the  atomic  weight  of  muriatic  acid,  2*126 
inust  be  the  atomic  weight  of  ammonia. 

*-'3.  13*5  grains  of  dry  sal-ammoniac  were  wrapped  up  in 
blotting  paper,  and  dropped  into  a  retort  filled  with  dichloride 
of  lime  (Mr.  Tennant's  bleaching  powder),  made  into  a  thin  paste 
with  water.  The  whole  retort  and  beak  was  then  Med  with 
wateTj  aud  the  beuk  of  the  retort  was  |>luoged  into  a  water 
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trough,  under  an  inverted  graduated  jar,  filled  with  water. "  As 
soon  as  the  paper  round  the  sal-ammoniac  was  sufficiently 
softened  to  allow  the  dichloride  to  come  in  contact  with  the  isalt, 
an  effervescence  took  place,  and  azotic  gas  was  disengaged. 
This  is  just  the  effect  always  produced  when  chlorine  and  am- 
nloniacal  gas  come  in  contact.  The  lime  which  was  in  excess 
in  the  salt  decomposed  the  sal-ammoniac  ;  and  the  ammonia,  as 
it  vras  evolved,  came  in  contact  with  chlorine,  and  was  decom- 
posed ;  the  hydrogen  uniting  with  the  chlorine,  and  the  azote 
oeing  disengaged  in  the  gaseous  state.  The  action  is  so  violent, 
if  the  dry  sal-ammoniac  be  dropped  at  once  into  the  retort,  that 
it  is  difficult  to  collect  the  whole  gas ;  but  when  the  salt  is 
wra{>ped  in  paper,  the  action  is  slow,  and  the  gas  may  be  all 
collected  with  the  greatest  facility.  The  azotic  gas  obtained  in 
this  process  was  li"7  cubic  inches,  at  the  temperature  of  47°, 
ahd  when  the  barometer  stood  at  29*93  inches.  This  is  equiva- 
lent te  llr'863  cubic  inches  of  dry  gas,  of  the  temperature  60®, 
and  under  a-  pressure  of  30  inches  mercury. 

*'ff  This  constitutes  the  whole  amount  of  the  azotic  gas  in4»35 
grains  of  ammonia,  the  quantity  contained  in  13*6  grains^  of  dirt 
sal-ammoniac.  Now,  lr853  cubic  inches  of  azotic  gas  weigh 
3*6147  grains.  Hence  it  follows,  that  the  weight  of  the  other 
constituent,  the  hydrogen,  is  0-7353  grain.  Consequently,  am- 
monia is  composed  of 

Azote  »  • .  • -•  1*7673  or  1  volume 

Hydrogen 0*3676      2*94 

2-1250 

The  small  excess  of  azote  in  this  experiment  was  owing  to  '4 
small  admixture  of  common  air  with  the  azote,  in  consequence 
of  the  gas  standing  24  hours  over  the  water. 

*'  The  experiment  was  repeated  seven  times,  in  various  ways, 
and  the  mean  of  the  whole  came  exceedingly  near  11*8  cubic 
inches  of  dry  azotic  gas  from  13*6  grains  of  sal-ammoniac.  Thid 
weighs  3*4993  grains,  giving  us  the  composition  of  ammonia  a^ 
follows ; 

Azote c  1*74966  or  1  volume 

Hydrogen 0*37536      3-0028 

2*12500 

This  analytical  result  of  direct  experiment  comes  within  less 
than  ^-_th  part  of  the  theoretical  estimate ;  and,  taken  toge*- 
ther  with  the  preceding  facts,  can  leave  no  doubt  of  the  compo- 
sition of  ammonia." 

At  p.  160,  in  treating  of  the  compounds  of  carbon  and  hydro- 

S'n,  a  statement  occurs' which  both  surprised  and  amused  uii. 
1^  auflxdr  metttiow»lu»  belief  diat  no  fewer  thtin  fire  diffh^itft 
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gnses  or  vapours  exist  composed  of  one  volume  of  carboi 
vapour  and  one  volume  of  hydrogen  gas.  He  says,  "  the  fiM 
consiEte  of  > 

1  volume  carbon  vapour?  „„j,„,,j  ,„i„  j  „,„„^. 
1  volume  hydrogen  gas   ^ 

*'  Its  specific  gravity  is  0'4861.  One  volume  of  it  requires  ' 
for  complete  combustion  1^  volurae  of  oxygen  gas.  After  the 
combustion  there  remains  one  volume  of  carbonic  acid  gas. 

"  This  peculiar  gas  has  not  yet  been  met  with  by  chomi^tB  \ 
but  1  see  no  reason  to  doubt  its  existence,"  • 

Now,  in  the  name  of  the  first  principles  of  chemistry  as  «st4-'' 
blished  by  experiment,  we  protest  an;ainst  the  admission  of  8<f' 
vague  a  conjecture  in  a  work  decidedly  of  a  practical  kind ;  and 
it  IS  venturing  much  too  far  to  state  the  specific  gravity  of  a  gas 
which  exists  only  in  the  imagination  ;  and  equally  objectionable 
18  it  to  state  the  quantity  of  oxygen  which  it  does  require  for 
combustion,  instead  of  that  which  it  would  require  if  we  could 
"Jirst  catch  it."  Under  this  head  Dr.  Thomson  states  his 
analysis  of  napthaline,  by  which  it  appears  to  consist  of 

Pli  atom  carbon 1-125  •-'){■ 

1  atom  hydrogen 0-125  :, '  ,- 

In  determining  the  atomic  weights  of  sihcon,  an  experiment 
is  related,  which  vfg  confess  ourselves  at  a  loss  to  comprehend : 
it  is  the  following; 

"  About  the  middle  of  May,  1 823, 1  fused  a  quantity  of  silica, 
with  thrice  its  weight  of  anhydrous  carbonate  of  soda,  and 
digested  the  fused  mass  in  a  small  quantity  of  water,  till  the  eilicii 
assumed  a  flocky  appearance.  The  whole  was  then  throvra 
upon  a  filter;  and  the  silica  was  washed  repeatedly  with  distilled 
water,  till  no  traces  of  soda  could  be  found  in  the  washing 
In  "two  days  the  filter  with  the  silica  became  dry  enough  to  oe 
handled.  I  placed  the  filter  on  several  folds  of  blotting  paper, 
on  a  table  in  the  middle  of  my  laboratory,  where  it  was  allowed 
to  remain  for  six  weeks,  without  being  disturbed.  It  may  be 
necessary  to  mention,  that  the  weather  during  the  whole  time 
was  uncommonly  cold ;  and  I  have  reason  to  believe,  that  the 
temperature  of  the  room  scarcely  ever  exceeded  GO",  if  it 
anaounted  to  so  much.  When  I  returned  to  Glasgow,  on  the 
S4th  of  June,  the  thermometer  in  my  laboratory  stood  at  67'. 
"IJie  silica,  to  the  eye  and  the  feel,  appeared  perfectly  dry;  rt 
trcighed  43*23  grains.  By  exposure  to  a  red  heat,  it  lost  10-55 
'Sams,  and  was  reduced  to  3268.  Now,  32138  :  10-55  ::  4  : 
913  =  water  combined  with  4  silica.  This  exceeds  l'125by 
363,  which  is  rather  more  than  one-seventh  of  an  atom.  This 
f  be  fsoDnideied  the  greatest  aipoimt  o£  the  excesB  which  ever 
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ITow  tbe  question  which  arises  is  this  :— -Can  silica  be  sepa- 
rated from,  the  soda  yfitii  which  it  has  been  fus^d  l^  the 
agency  of  water,  and  without  the  action  of  an  acid  ?  If  the 
fact  be  so,  it  is  quite  new  to  us.;  but  we  cannot  help  thinking 
thatspmepartiottlie  operation  is  omitted  to  be  stated. 

The  atomic  weights  of  the  fixed  alkalies,  alkaline  earths,  and 
their  metallic  bases,  are  all  given  as  in  the  author's  System,  so  that 
his  experiments  which  merely  confirm  former  statements  call  tor  no 
particular  observations.  Indeed  with  respect  also  to  the  metals 
the  greater  number,  and  all  the  more  important  ones,  agree 
with  those  given  in.  the  System.  There  are,  however,  some 
▼ariauons  and  important  additions  in  these  bodies;  such 
are  the  atomic  weig:hts  of  palladium,  iridium,  titanium,  tungsten, 
and  uranium,  and  of  many  compounds  containing  them.  With 
respect  to  uranium,  it  is  a  curious  fact  that  it  has  a  strong  dis- 
position to  form  sesquisalts ;  with  these  additions,  we  may 
now  consider  the  atomic  weights  of  the  metals  as  settled,  except 
that  of  osmium. 

While  adopting  the  composition  of  the  oxides  of  copper  as 
usually  given,  Dr.T.  has,  and,  we  think,  without  sufficient  reason, 
altered  his  opinion  of  their  atomic  constitution ;  he  now  consi- 
ders the  blacK.  oxide  as  a  cpmpound  of  an  atom  of  oxygen  1,  and 
one  of  copper  4 ;  and  the  red  oxide  as  a  suboxide  constituted 
of  two  atoms  of  copper  8,  aiid  one  atom  of  oxygen  1. 

It  is  remarked  by  the  way,  that  such  suboxides  as  diat  of  coj^er 
''  in  general  are  incapable  of  constituting  permanent  salts  with 
acids."  Now  as  far  as  we  know,  no  such  suboxides  exist,  the 
only  unquestionable  one  being  the  suboxide  ofsilver  formed  by  JMr. 
Faraday,  and  which  consists  of  three  atoms  of  silver  and  two  of 
oxygen.  It  is  indeed  true  that  two  suboxides  of  mao^nese 
have  been  mentioned,  but  their  existence  is  much  too  problema- 
tical to  serve  as  the  basis  of  a  general  law ;  one  of  them  indeed 
is  stated  to  be  incapable  of  combining  with  acids,  and  no  proof 
lias,  we  beUeve,  been  offered  that  the  other  unites  with  them. 

When  treating  of  the  salts  of  copper,  vol.  i.  p.  420,  notei  I^i'* 
Thomson  says,  **  It  was  the  consiaeration  of  the  salts  of  capper 
that  induced  me  to  adopt  4  for  the  atomic  weight  of  copper;  for 
if  we  represent  the  atom  of  copper  by  8,  all  the  salts  of  copper, 
without  exception,  will  be  bisalts,  or  will  contain  2  atoms  of 
acid  united  to  1  atom  of  oxide."  This  assertion  appears  to  be 
of  too  sweeping  a  nature,  unless  the  soluble  salts  only  of  copper 
be  meant,  and  even  then  we  question  its  accuracy.  Among 
those  which  would  consist  of  one  atom  of  each  of  its  constitu«- 
ents  are  those  which  Dr.  Thomson  calls  disalts,  there  are  the 
disulphate,  dicarbonale,  verdigris,  and  probably  also  the  insolu- 
Ue  muriate  and  nitrate.  If,  however,  the  fact  were  so,  that  all 
.the  salts  of  copper  were  insoluble  except  the  bisalts,  this  cir- 
.cumsUnce  does,  not  appear  to  be  a  sufficient  cause  for  making 
go  ghuing  an  exception  to  the  general  rule,  that  when  two 
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des  ofa  metal  exist,  the  oxide  which  contains  least  oxygen  is 
litted  to  consist  of  one  atom  of  each  of  its  elements ;  and 
i»t  which  contains  double,  of  two  atoms  of  oxygen  and  one 
of  base.  By  the  method  whicii  Dr.  Thomson  has  adopted, 
we  have  also  the  anomaly  of  a  protoxide  represented  by  a 
higher  number  than  a  peroxide.  Thus  while  protoxide  of 
jnercury  is  represented  by  208,  and  the  peroxide  by  216,  the 
otoxide  of  copper  is  72,  and  the'peroxide  40. 
It  was  otir  intention  to  have  offered  some  observations  reapect- 
^ihe  number  by  whicb  Dr.  Thomson"  represents  8l»minSj"^ut 
^e  have. extended  this  article  to  ko  considera:hle  a  lentithi  ^itet 
we  hate  room  only  forone  quotation  more/  and  is  tlrat  *riii'{^ 
forms'  the  conclusion  of  Dr.  Thomson's  work,  respecting  iili 
■ph-ical  luw  of  Berzelius.  '■   ''     ■•—'<*'■ 

"  Before    concluding  these  general  observirtions,"  observes 
T;  ■"  I  may  say  a  few  words  reMpectin^  Berzehus'  law,  that 
_  In  all  salts  the  atoms  of  oxygen  in  the  ncid  constitute  a  multi- 

;le  by  a  whole  number  of  the  atoms  of  oxygen  in  the  base.' 
'his  law  was  founded  upon  the  first  set  of  exjict  analyses  of 
neutral  salts  which  Berzelius  made.  Now,  as  neUtraX  salts  in 
general  are  combinations  of  an  atom  of  a  protoxide  with  an  atom 
of  ail  acid,  it  is  obvious  that  the  atoms  of  oxygen  in  the  acid 
must  in  all  such  salts  be  multiples  of  the  atom  of  oxygen  in  the 
base;  because  every  whole  number  is  a  mnltiple  of  unilj'.  Neu- 
tral salts,  therefore,  are  not  the  kind  of  salts  by  means  of  whicli 
the  precision  of  this  supposed  law  can  be  piit  to  the  teat. 

"  Even  in  the  suhsaltt^  composed  of  1  atom  of  acid  united  to 
2  atoms  of  base,  it  is  obvious  enotigb,  that  the  law  will  hold 
whenever  the  acid  combined  with  the  base  happens  to  contain 
2  or4,  or  any  even  number  of  atoms;  because  alt  even  numbers 
are  multiples  of  2.  Now,  thi^  is  the  case  with  the  follow' 
acids : 

Phosphoric,  Nitrous,  Antimonic,  Citric, 

Carbonic,  Titanic,  Manganesic,  SacJactic, 

Boracic,  Arsenious,  Molybdous,  Chromous.-j. 

Sulphurous,  Selenic,  Uranitic,  r 

Consequently,  the  law  must  hold  good  in  all  combinations  of 
1  atom  of  these  acids  with  2  atoms  of  base. 

"  In  the  case  of  all  those  acids  which  contain  only  1  atom  of 
oxygen,  all  the  subsalts  composed  of  1  atom  of  the  acid  united 
to  2  atoms  of  base,  the  law  will  also  in  some  sort  hold  ;  for  the 
atoms  of  the  oxygen  in  such  acids  being  1,  this  number  will 
a|ways  be  a  submultiple  of  2,  the  number  of  atoms  of  oxygen  in 
"atoms  of  base.    This  is  the  case  with  the  following  acids: 

Silicic,  Hypos  uluhurous, 

Phosphorous,  Oxide  ui  telluxium. 

f^wtf  iScriet,  vol.  x.  h 


i 
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It  is  only  in  the  sabsalts  of  acids  contaiaing  mn  odd  liumfaer  of 
atoms  of.>ezygeQ>  that  exceptions  to  the  law  can  exist.  It  ia  to 
them,  therefore,  that  .we  must  have  recourse  when  we  wish  to 
•determine  whether  this  empyrioal  law  of  Berselius  be  founded 
in  nature  or  not.  Now^  there  are  thirteen  acids,  the  integrant 
particles  of  which  contain  an  odd  number  of  atoms  of  oxygen. 
The  following  table  exhibits  the  names  of  these  acids,  together 
with  the  numoer  of  atoms  of  oxygen  in  each. 


Atomi  of  oxygen. 

Sulphuric  acid  ••••••••  3 

Arsenic ••••••••  3 

Chromic •  •  3 

Mol5i)dic 3 

Tungstic.  •  •  •  •  • *  •  3 

Oxalic 3 

Formic .  • 3 


Atoms  of  oxygen. 

Acetic  acid.  •••••.••  3 
Succinic.  ..^ •••«,»..  3. 

Benzoic •#•••  3 

Nitric.  •».• 5 

Tartaric ••••5 

Hyposulphuric  ••••*•  2^ 


^*  Now,  although  the  number  of  subsalts  which  I  have  examined 
is  exceedingly  small,  because  my  object  was  not  to  inrestiglite 
the  truth  of  Berzelius'  law,  but  to  determine  the  quantity  of 
water  of  crystallization  which  the  salts  contain,  yet  thei«  oocut 
several  which  are  inconsistent  with  Berzelius*  law.  lliis  is  the 
case,  for  example,  with  the  disulphate  of  alumina,  the  atoms  of 
oxyjgen  in  the  base  being  2,  and  those  in  the  acid  3.  The  fol- 
lowing subsalts  ate  precisely  in  the  same  predicament: 

AtomyoffxygpniBbtsei    Ditto inadd. 

Dinitrate  of  alumina  ...•«.••«.»*•  2  6 

Trisnitrate  of  alumina  ••••..•«.«.^3  6 

Diprotarseniate  of  iron  •••••••••»  r  2  3 

Dinitrate  of  lead  ..«•«•  ••».••••..  2  6 

Diacetate  of  lead 2  3 

Diacetate  of  copper  (verdigris)  .  •  •  •  •  2  3 

Dinitrate  of  bismuth .2  5    ' 

These  examples  comprehend  not  only  nitric  acid,  which  Berze- 
lius has  recognised  as  an  exception  to  his  law ;  but  likewise, 
sulphuric  acid,  arsenic  acid,  and  acetic  acid. 

^'It  would  certainly  be  a  most  remarkable  circumstance  if 
2  atoms  of  any  protoxide  were  incapable  of  combining  with  1 
atom  of  any  of  the  13  acids  in  the  preceding  list.  I  bavegivei^ 
seven  examples  of  such  combinations;  and  am  persuadea  that 
many  more  will  be  discovered  whenever  the  attention  of  chemists 
is  particularly  turned  to  the  subsalts. 

'^  There  is  another  kind  of  saline  combination  in  which  ex* 
ceptions  to  the  law  of  Berzelius  may  also  be  looked  for ;  I  mean 
those  salts  which  I  have  distinguished  by  the  epithet  sesyuisalts 
or  subsesqui$aUs^    In  the  8esi|uisalt8,  H  l^^^om  <«  aoid  unite  with 


1  atom  of  base  ;  or,  which  comes  to  the  same  things  3  atoms  of 
acid  unite  with  2  atoms  of  base,  >  la  tbe  subsesquisalts^  14-  atom 
of  the  base  unite  with  1  atom  of  the  acid ;  for  example,  the  ses^ 
quicolumbate^f  hwrytesiu  oomposkd  of 

3  atoms  columbic  aeid^  containing  3  atoms  oxygen. 
.  ..     .JJ  atonw  barytcs  ,.  /2  ...    ,        r: 

1  m 

Here  we  see,  that  the  oxygen  oftheacidisnotaintiftIJ)re'6ftSilat 
in  the  base. 

'  "When  the  add  contains  2  atoms  of  oxygen,  aj^  tl^^  biasB,l 
lettom,  it  is  plaiti  that  the  sesquisalts  must  ail  come  under,  Berze- 
Hub'  law ;  because  1^^  atom  of  acid  will  contain  S  atom&  of  qxy- 

r«,  and  3  is,  of  course,  a  multiple  of  1 ;  but  in  acids  containing 
or  3  atoms  of  oxygen,  the  law  of  Berzelius  cannot  Hold. 
,  **  With  respect  to  the  subsesquisalts  they  will  all  dome  pndef 
Berzelius'  law  when  the  acid  happens  to  contain  3  atoms  oxygen, 
aiid  the  base  only  1  atom ;  but  they  will  deviate  from  it  when- 
^er  thfe  ticid  contains*  1  or  2  atoms  of  oxygen.   * 

"  Upon  the  wbo]je>  though  the  subsalts  and  sesquisalts  havd 
not^been  sufficiently  investi^ted  to  enable  tis  to  decide  upon 
the  point  with  perfedt  certainty ;  yet  from  what  we  do  know, 
there  appears  sufficient  evidence  that  Berzelius'  rule  cannot  be 
considered  as  a  general  chemical  law ;  and  that  we  run  the  risk 
of  falling  into  most  egregious  mistakes,  if  we  make  use  of  such 
a  law  in  calculating  the  atomic  weight  and  chemical  constitu- 
tion, of  the  acids  or  bases.  I  pointed  out  some  remarkable 
examples  of  this  error  when  treating  of  uranium,  to  which  it  i* 
mcrefynecessary  to  refer  the  reader. 

•  In  concluding  our  remarkiS,  we  may  observe,  that  we  have 
freely  ^pressed  our  differences  of  opinion  with  the  author  on 
c^rtaiit  subjects;  to  this  we  are  sure  he  will  not  object,  more 
especially  as  they  arc  mostly  matters  of  opinion,  from  which  we 
have  withheld  our  assent.  His  method  of  experimenting  ap-> 
nears  to  us  liable  to  exception  in  very  few  cases ;  the  work  must 
rorm  a  part  of  every  chemical  library,  and  will  be  referred  to  as  a 
stttidard  by  those  who  wish  to  acquire  information  as  to  the 
atomic  weights  of  bodies,  or  a  knowledge  of  the  experiment?! 
means  of  ascertaining  them. 


l3 
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Article  XL 

Proceedings  of  Philosophical  Societies^ 

LINNEAN   ilOCIETY. 

Aptil  19. — ^The  reading  of  the  Rev.  Messrs.  R.  Sheppard's 
and  W.  Whitear's  Catalogue  of  the  Birds  of  Norfolk  and  Suf- 
folk was  continued. 

May  3. — Prof.  F.  A.  Bonelli,  and  Mons.  C,  S.  Kunth,  were 
elected  to  fill  the  two  vacancies  in  the  list  of  Foreign  Members 
of  the  Society ;  and  the  reading  of  the  Catalogue  of  Norfolk 
and  Suffolk  Birds  was  concluded.  Annexed  to  this  catalogue 
was  a  table  of  the  times  of  migration  of  various  birds^  as  observed 
at  several  places  in  the  above  counties  during  a  series  of  years. 

May  24. — ^The  Anniversary  Meeting  of  the  Society  was  held 
this  day  at  one  o'clock^  Sir  J.  E.  Smithy  President ^  in  the  Chair; 
when  the  following  members  were  chosen  Officers  and  Council 
for  the  ensuing  year. 

President.— ^\vi.  E.  Smith,  Knt.  MD.  FRS. 

Vice-Presidents, — Samuel^  Lord  Bishop  of  Carlisle^  LLD. 
VPRS.;  A.  B.Lambert,  Esq.  FRS;;  W.CJ.Maton,MD.FRS.;^ 
Edward,  Lord  Stanley,  MP.  FHS. 

Secretary, — J.  E.  Bicheno,  Esq. 

Assistant'Secretary. — Richard  Taylor,- Esq.  MAS. 

Treasurer. — Edward  Forster,  Esq.  FRS. 

Council. — ^Edward  Barnard^  Esq.  FHS. ;  Robert  Brown,  Esq. 
FRS ;  H.  T.  Colebrooke,  Esq.  FRS. ;  Edward  Home,  Esq. ; 
Charles  Konig,  FRS ;  Daniel  Moore,  Esq.  FRS. ;  Rev.  T. 
Rackett,  MA.  FRS. ;  and  J.  F.  Stephens,  Esq. 

The  Society  afterwards  dined  at  the  Freemasons'  Tavern, 
where  the  presence  of  Sir  J.  E.  Smith,  in  improved  health,  added 
much  to  the  enjoyment  of  the  day.  Addresses  on  subjects  inte^ 
resting  to  the  cultivators  of  natural  history  were  delivered  by 
various  members  and  other  men  of  science :  amongst  others,  by 
the  venerable  Bishop  of  Carlisle,  Lord  Stanley,  the  Rev.  Dr. 
Fleming,  and  the  respective  Presidents  of  the  Horticultural  and 
Geological  Societies.  Numerous  expressions  of  respect  and 
cordial  esteem  were  called  forth  towards  the  late  Secretary  of 
the  Society,  Alexander  Mac  Leay,  Esq.  FRS.  on  the  occasion 
of  his  quitting  this  country  for  a  time,  to  occupy  the  important 
station  of  Colonial  Secretary  in  New  South  Wales. 

June  7. — Some  communications  were  read  from  Lieut.  J.  H. 
Davies,  and  Charles  Willcox,  Esq.  relative  to  a  species  of 
MityluSy  stated  by  them  to  be  M.  biaensy  found  in  great  quantity 
adhering  to  the  bottom  of  his  Majesty's  ship  Wellesley,  built  at 
Bombay,  aud  which  has  been  lying  in  Portsmouth  Harbour  ever 
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ihce  1816.  It  seems  to  be  quite  naturalized  there,  and  to  pro- 
igate  abundantly.  A  paper  was  also  read  on  the  Crepitacula 
jd  Organs  of  Sound  in  Orthopterous  Insects;  and  particularly 
II  the  Locusta  camtUifolia,  a  description  of  which  is  subjoined; 
y  the  Rev.  Lausdown  Guiiding,  BA.  FLS, 
i  June  21, — ^The  following  papers  were  read  : — A  Descriptive 
"  ktalogue  of  the  Australian  Birds  in  the  Cabinet  of  the  Linnean 
ciety;  by  Thomas  Horsfield,  MB.  FLS.  and  N.  A.  Vigors, 
iq.  FLS. :  communicated  by  the  Zoological  Club  of  the  Lili- 
an Society.  In  the  introductory  remarks  to  this  Catalogue, 
most  of  the  speciea  described  in  which  are  of  great  interest,  the 
writers  express  their  confident  expectation  that  the  deficiency 
of  our  knowledge  of  the  habits  of  the  birds  of  Australia  will  be 
in  great  measure  supplied  by  the  exertions  of  Mr.  A.  Mac  Leay, 
during  his  future  residence  in  that  interesting  country. — A 
Notice  on  a  peculiar  Property  of  a  Species  of  Echinus  ;  by  E.T. 
•  Bennett,  FLS. :  communicated  by  the  Zoological  Club. 
^D  The  Society  then  adjourned  to  the  lat  of  November  next. 

^V  GEOLOGICAI.    SOCIETY. 

^■■■t  Jday  6, — A  paper  was  read,  entitled  "  A  Brief  Description  of 
an  extensive  Hollow  or  Fissure,  recently  discovered  at  the  Quar- 
ries near  the  Extremity  of  the  Western  Hoe,  Plymouth ;  by  the 
Rev.  Richard  Hennah." 

In  this  communication  the  author  describes  an  extensive 
hollow  or  cave  in  the  limestone  rocks  near  Plymouth,  in  which 
no  remarkable  bones  have  yet  been  discovered,  but  in  which 
stalactites  are  particularly  abundant.  Mr.  Hennah  offers  some 
remarks  on  the  various  causes  and  circumstances  which  have 
contributed  to  give  to  these  stalactites  their  different  shapes  and 
compel  itions. 

A  paper  entitled  "  On  a  Dyke  of  Serpentine  cutting  through 
Sandstone  in  the  County  of  Forfar ;"  by  Charles  Lyell,  Esq. 
Sec.  GS.  was  read  in  part. 

May  20. — The  readmg  of  Mr.  Lyell'a  paper  was  concluded. 

In  the  former  part  of  this  paper,  the  rocks  which  are  exposed 
on  ihe  left  bank  of  the  Carity,  a  small  river  in  Forfarshire,  which 
descends  from  the  mica-schist  district  of  the  Grampians  into 
Strathmore,  are  described.  The  first  of  these  is  a  claystone 
porphyry,  next  to  it  is  a  conglomerate  containing  quartz  pebbles, 
and  then  strata  of  fine  grained  micaceous  sandstone  and  shale, 
dipping  to  the  south,  and  which  are  suddenly  cut  otf  at  an  angle 
l^  the  serpentine.  These  strata  of  sandstone  and  shale  form 
part  of  a  great  series  which  overlies  the  clay  slate  to  which  it 
Unmediatety  succeeds,  and  is  older  than  the  great  conglomerate 

Kf  the  old  red  sandstone  which  ties  immediately  upon  it.     The 
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serpentite  is  yeriical  and  is  well  charaot6rited«    It  contldnB  ih: 

Sart  Teins  of  asbestos,  and  in  parts  diallage,  and  a  lat^e  nulls  of 
yperstbene. 

On  the  other  side  of  this  dyke  of  serpenttHe^  which  is  00  yards 
thick,  fine  grained  sandstone  and  conglomerate  again  apbeaf^ 
and  dip  away  from  the  serpentine  towards  the  SL  Neatt  to  these 
a  mass  of  serpentine  iis  seen  mixed  with  dolomit6>  and  at  its  side^ 
^tered  sandstone  and  a  conglomerate  in  'which  the  qnar^  peb^ 
bles  are  split  and  re-united  by  ferruginous  matter.  ILostly,  -i^  a 
short  distance  a  dyke  of  greenstone  parallel  to  the  serp^ntioe 
occurs  flanked  on  both  sides  by  vertical  masses  of  sandstone 
and  conglomerate  much  altered  and  indurated,  and  charged  witiar 
brown  spar. 

,  Mr.  Ljrell  next  describes  the  rockd  on  the  right  bank  of  the 
river,  which  resemble  those  on  the  left  with  one  exception,  viz. 
that  the  'great  dyke  of  serpentine  seems  to  be  connected  widi  the 
mass  of  dolomitio  serpentine,  a  thin  bed  of  fine  grained  greens 
&tone  alone  intervening,  and  the  sandstone  and  conglomerate 
which  appeared  between  them  on  the  opposite  side  being 
absent. 

In  conclusion  the  author  traces  this  dyke  of  serpentine  pursu- 
ing, its  course  in  a  direct  line  to  the  nortb-east  ana  south-^west  of 
the  locality  in  which  it  occurs  on  the  Carity.  It  is  found  recur-^ 
ring  at  intervals  for  the  space  of  at  least  14  miles  from  the  bridge 
of  Cortachie  to  Bamff,  hear  Alyth,  in  Perthshire. 

It  is  always  unconformable  to  the  strata  through  which  if 
passes,  and  its  course  is  never  interrupted  by  any  oUierrock. 

A  uQtice  was  then  read  ^'  On  the  Serpentine  of  Predazzo  ;  " 
by  J.  P.  W.  HerscheU,  Esq.  Sec.  RS, 

In  this  communication,  the  author  mentiona  that  at  Canzocioli, 
near  Predazzo,  in  the  Tyrol,  where  a  junction  is  seen  6f  a  gran 
iiitiform  sienite  with  dolomite,  a  layer  of  serpienline  ia  found  to 
intervene  between  the  sienite  and  the  dolomite.  - 

The  dolomite  dips  at  an  angle  of  60°  or  60°  beneath  thefi 
sienite,  and  near  the  junction  an  alteration  takes  place  in  its 
mineralogical  character;  as  it  presents,  instead  of  its  usnal 
highly  crystallized  saccharine  structure,  a  flaky  and  very  talcose 
appearance.  The  incumbent  sienite  is  no  less  affected*  Its> 
grain  is  smaller,  and  it  is  intersected  with  innumerable  Veins 
parallel  to  the  plane  of  junction  of  a  white  mealy  substance^ 
which  partly  dissolves  with  effervescence,  and  partly  gelatinizes 
with  nitric  acid.  In  the  midst  of  this  white  substaiice  occurs 
the  thin  lamina  of  serpentine,  which  is  extremely  well  charae-^. 
terized. 

•  The  whole  of  the  transition  from  the  sienite  to  the  dolomite 
tnkes  place  within  a  thickness  of  about  18  inches  or  two  feet. 


Ifl2f.']>  Scientific  tioHcei'-'Magmtism.  ISi: 

A  notice  was  read  on  Carbonate  of  Copper,  occurring  in  the 
Magnesian  Limestone  at  Newton  Kyme,  neat  Tadcaster;  by, 
W.  Marehall,  Esq.  MGS. 

The  green  carbonate  oF  copper,  found  by  the  author  in  a  large 
qnarry  of  magneaian  limestone  near  Tadcaster,  runs  through  the 
limeBtone  in  thin  veins  dipping  to  the  west ;  the  dip  of  the  time- 
stone  being  in  the  same  direction,  bat  at  a  less  angle.  At  Fam- 
ham,asmall  village  two  miles  north-west  of  Knaresborough,  which 
ii  ako  in  the  magnesian  limestone,  a  considerable  quantity  of 
copper  was  formerly  obtained,  and  these  are  the  only  two 
imtacces  in  which  Mr.  Marshall  has  heard  of  any  of  the  ores  Ofi 
copper  having  been  found  in  the  magnesian  Itmeatone. 


Article  XII. 
SCIENTIFIC  NOTICES. 

Magnetism. 


\t  Quaiei  respecting  Animal  Magtietism.     By  a  Correspondedl 

(in  a  Letter  to  Mr.  Children. 
f       WV  DEAR  SIR,  CambHdge,  Juls  18,  ISn. 

.Though  many  experimenta,  and  some  of  them  of  very  recent 
dttte,  have  been  made  on  the  gymnotus  electricus  and  other 
flshes  having  similar  powers,  yet  I  am  not  aware  that  it  has  as 
yet  been  ascertained  whether,  and  to  what  extent,  they  may  be 
possessed  of  electromagnetic  properties.  If  this  animal  electri- 
city be  similar  to  common  electricity,  it  is  to  be  expected  that  it 
wiU  be  capable  of  magnetising  a  needle  inclosed  in  a  spiral, 
but  not  of  causing  deviation  in  the  galvauoscope  ;  if  it  resemble 
galvanism,  we  may  expect  both  effects.  From  the  experiments 
made  by  Mr.  Cavendish  in  reference  to  the  Raia  Torpedo,  it 
appears  that  its  electricity  was  most  nearly  imitated  by  that  of 
a  large  extent  of  coated  surface  charged  to  a  very  low  intensity; 
that  "  the  quantity  of  electricity  was  extremely  great,"  and  that 
"it  was  gradually  transferred  from  one  side  to  the  other."  I 
should,  therefore,  anticipate  from  the  torpedo,  magnetic  action 
resembhng  that  from  galvanism  ;  and  by  analogy,  similar  effects 
may  be  expected  from  the  Gymnotus  electricus,  Siturua  electri- 
cus, Tetraodon  electricus,  andTrichiurusIndicus. 
,  Should  any  of  your  readers  have  the  opportunity  to  resolve 
pAcBS  questions,  they  will,  I  hope,  consider  them  sufficiently 
f  Interesting  to  deserve  their  attention. 

Believe  me,  my  dear  Sir, 

Very  truly  yours,  '  " 

-  t^.i 


I 
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ZOOLOCY.        • 

S,-  On  the  Anatomical  Di^erence  between  Helix  Hottenm  and 

H.  f^emorabs.  By  J,  E.  Gray,  E«q. 

There  has  been  a  difference  of  opinion  among  the  varioug 
English  and  Continental  zoologists  respecting  the  permanency 
of  the  distinction  between  Helix  Hortemis  and  H.  Nemoralis^ 
which  certainly  at  first  sight  appear  very  distinct,    both  on 
account  of  the  small  size,  tninness,  and  more  polished  surface, 
as  well  as  the  white  lip  of  Helix  Hortemis ;  but  no  one  has  yet ; 
tiJI^en  any  notice  that  there  exists  a  differi^nce  in  the  form  ojf; 
that  part  of  the  generative  organs  of  the  shell  called  visicula . 
multtjida  by  Cuvier  in  his  dissection  of  Helix  Pomatia ;  in  one 
(ff.  Nemoralis)  it  is  much  more  lobed  than  in  the  other ;  Cuvier's 
name  for  this  organ  is  bad,  as  in  several  of  the  Helices  it  is 
singly-forked,  in  others  doubly-forked,  and  rarely  many  cut. 

This  variety  existing  in  the  several  organs  is  curious,  as  I  am 
informed  by  a  friend,  whose  experiments  I  hope  will  be  shortly 
published,  that  the  two  species  will  breed  together.  Pioret 
perhaps  had  the  knowledge  of  this  fact. when  he  named  the. 
Drown  mouth  (variety  of  Helix  Nemoralis)  as  a  species,  with 
the  name  of  H  H^brida. 

3.  On  Siren  Lacertina. 

Rusconi  having  observed  that  the  lungs  of  the  Siren  Lacertina 
were  extended  to  the  end  of  the  abdomen,  and  that  these  organs 
only  did  so  in  the  larva  of  the  salamander,  used  this  fact  as  an 
argument  that  the  Siren  was  only  a  larva ;  but  Mr.  Grauenhorst 
has  weakened  the  position  by  observing  that  the  lungs  of  the 

ferfect  salamander  are  sometimes  similarly  extended.— (/m, 
824,673.) 

4.  On  the  Animal  of  Argotiauta* 

It  has  been  a  matter  of  considerable  dispute  amongst  the 
modem  zoologists  to  know  if  the  animal  usually  found  in  the 
Paper  Nautilus  described  by  Aristotle  and  Pliny,  was  the  real 
former  of  the  shell,  or  only  a  parasitical  inhabitant  similar  to 
the  soldier  crab,  &c.  Dr.  Leach,  Mr.  Say,  and  AL  Blainville 
were  of  the  latter  opinion,  apparent  with  great  reason,  Cuvier 
and  Dumerit  combated  their  opinions ;  and  lately.  Baron . 
Fermsac,yM.  Ranzani,  and  the  celebrated  Sicilian  naturalist^ . 
Poll,  has  supported  the  opinion  of  the  latter  authors.  The . 
strongest  fact  brought  forward  in  the  support  of  their  position, 
is  that  both  Mr.  Duvernoy  and  Poll  have  discovered  the  exist- 
ence of  the  shell  on  the  embryo  found  in  the  eggs  attached  to 
the  animals,  which  are  said  to  be  the  true  inhabitants  of  the 
shell.  &ir  E.  Home  in  his  paper  (in  the  Phil.  Trans.)  appears 
to  refer  to  the  observations  of  the  former,  when  he  observes, 
that  the  yolk  must  have  been  mistaken  for  the  shell. 
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Poll  agrees  with  Aristotle  and  Dr.  Leach  that  the  aaitnal  has 
no  muscular  attachment  to  the  shell;  which  was  the  chief 
areumeut  used  by  the  latter,  that  it  was  not  its  real  builder,  and 
iodeed  the  latter,  on  the  authority  of  the  late  Mr,  Cranch,  states 
that  they  sometimes  swim  about  without  their  shells,  and  even 
exchange  them  for  others.  The  fact  with  regard  to  the  egg 
requires  to  be  veritied.  Would  it  not  be  a  fit  subject  for  the  pencil 
of  Bauer? 

The  want  of  the  muscular  attachment  of  the  animal  to  tbe 
shell  is  an  anomaly  amongst  MoUusca,  as  is  also  a  truly  external 
and  celled  shell  amongst  Cephalissodes,  Indeed  the  form  and 
structure  of  the  shell  gives  reason  to  believe  that  its  former  is 
more  nearly  allied  to  ine  genera  Carinaria  axiAFirola. — J.  E.  G. 

Kk  6,  On  the  Animal  of  Caltfptraa. 

HftjVIesBrs.  Detihayes,  {Atmals  Set.  Nat.)   and  Deslouchamps, 

^BRev.  Encyci.)  have  lately  examined  the  animal  of  the  genus 
Caluplrisa  of  Lanark,  (Patella  China  noistaiu)  and  found  it  very 
^mitar  to  that  of  the  genus  Crepadula  dissected  by  Cuvier  ;■ 
indeed  it  only  diifers  slightly  in  the  position  of  the  gills  and 
abdominal  viscera  caused  by  the  more  orbicular  form  of  the 
shell.  Their  account  agrees  with  the  dissection  I  made  three 
years  ago,  and  proves  that  the  two   above-named  genera  are> 

^exceedingly  allied. 

^B  6.  On  the  Genus  Plagiostoma. 

Jr    M.  De  France  has  lately  divided  the  genus  of  Plariosta 

"as  established  by  Mr.  Sowerby  into  two  genera.  The  first,,  for 
those  species  found  in  the  chalk  (as  P.  spinosa  and  P.  Hc^ri, 
5owj.)  which  he  conceived  to  be  alhed  to  Terebratula;  be  has 
given  the  name  of  Packyta  with  the  following  characters  :  shelL 

HiMvalve,  regular;  hinge,  toothless;  the  cardinal  edge  of  one  valve? 

HflHraight:    of  the  other  deeply  cut  with  a  triangular  sinus,  for 

^xke  passage  of  the  tendenous  pedicle.  Secondly,  for  those 
found  in  the  more  ancient  strata  he  keeps  the  nameVlagiostoma, 
and  gives  for  the  genus  the  foUawing  character;  shell  bivalve, 
iae(]uilateral,  slightly  eared;  cardinal  edge,  transverse,  straight, 

I'—'Oones  rather  distant.     Hinge  toothless,  with  a  conical  hga- 
[it  cavity   situated  under  the   uniboues.     These  shells  are 
ally  very  thin,  and  M.  De  Franco  considers  them  to  have- 
<d  in  the  glush  of  the  seu-shore,  as  they  are  usually  filled 
h  a  fine  paste  ;  the  genus  ^pears  to  be  allied  to  Lima,  and 
sequently  to  the  Family  Pecleiiidie. — J.  E.  G. 
7.  On  F<}Msil  Elh. 
Dr.  Hilbert  has  given  two  interesting  papers  on  the  Fossil 
Elk  discovered  in  the  marsh  pita  of  the  Isle  of  Man  ;  in  which 
be  attempts  to  prove  -that  the  l>oue»  &r«  post  diluvian,-and 
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t|iat  ttieee  animals  mostly  died  by  s  natural  death ;  and  that  one 
of  the  chief  reasons  of  their  extenuination  is  the  gradually  filW 
ingup  the  lakes  they  formerly  inhabited.  He  is  apparently  not 
^ware  that  the  Jrii/i  Elk  had  twice  before  been  described  aa 
distinct  from  the  noiuinoa  one,  under  the  name  of  Cerma  gigati- 
teus  by  Blumeabach,  and  C  Hibemicus  by  Desmarest;  as  he  pro- 
goied  to  designate  that  species,  which  he  considers  distinct 
from  the  Isle  of  Man  one,  under  the  name  of  C.  £uri/eeroiy 
thinking  it  may  be  the  Eurt/cero3  of  Appian. 

If  the  Maose  Elk.  should  be  distinct  from  the  Irish  species, 
it  ought  to  have  a  new  specific  name. 

8.  Fossil  Crocodile  from  Whitby. 

The  Rev.  Mr.  G.  Young  has  given  a  description  of  a  specimen 
of  crocodile  found  in  the  alum  shale  in  the  neighbourhood  of 
Whitby,  by  Mr,  Brown  Marshal,  which  was  purchased  by  the 
Whitby  Literary  and  Philosophical  Society. 

The  length  of  the  animal,  which  is  a  species  of  Garial,  k 
14  feet  6  inches  following  the  curvature  of  the  spine,  but  whea  it 
was  alive  it  must  have  been  more  than  IS  feet  long. 

A  head  of  the  same  species  has  beenfigured  as  aii/cAyojaurKi 
in  the  Geologicat  Survey  of  the  Yorkshire  Coast,  p,  lb',  f.  2. — 
(Edin.  Phil.  Jour.  1625.  76.) 

Miscellaneous. 

9.  Mr.Herapath  on  the  AutAor  of  art  Erroneout  Salulionof 

(To  ihe  Editors  of  the  AmaU  of  Pfdloiophy.y 
GENTLEMEN,  Cranferi,  July  \&,  I8S5. 

In  your  Amials  for  November,  1824,  p.  323, 1  have  meatiosed 
Mr.  Herschell  as  the  author  of  an  erroneous  solution  of 

■^''  X  =  X, 
extracted  from  Mr.  Babbage's  paper,  Philos.  Transac.  1S15.  I 
came  to  this  conclusion  from  Mr.  B.'s  observations  in  the  9tli 
and  10th  problems  of  his  paper,  and  an  allusion  with  Mr.  Her- 
scbell's  name  in  the  l^th  problem.  Having,  however,  received 
a  letter  from  Mr.  Herschell  in  whicli  be  informs  me  that  he  ia 
not  the  author,  I  beg  you  will  have  the  goodness  to  say  so  in 
your  next.  1  am,  Gentlenaen,  your  humble  servant, 

J.  Herapath. 

10.  I.uminous  Snou)  Storm  on  Lockawe. 
Towards  the  latter  end  of  March,  in  the  year  1813,  a  shower 
of  snow  fell  on  Lochawe,  in  Argyleshire,  which  alarmed  or  asto- 
nished those  by  whom  it  was  witnessed,  accordingly  as  they  were 
ii^uenced  by  curiosity  or  superstition.  Some  gentlemen  who 
had  crossed  the  lake  ia.the  moroiog^  had  »  good  opportiuutjr  o£ 
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marking  the  phfenomenon.  All  had  been  calmly  beautiful  dur- 
ing the  day,  and  they  were  returning  homewards  from  Ben 
Cniachan  when,  the  sky  becoming  suddenly  gloomy,  they  rowed 
more  smartly  towards  the  shore  in  order  to  avoid  the  threatened 
storm.  In  a  few  minutes,  however,  they  were  overtaken  by  a 
shower  of  snow ;  and  immediately  after,  the  lake,  which  was  of 
l^assy  smoothness,  with  their  boat,  clothes,  aud  all  around,  pre- 
Benled  a  luminous  surface,  forming  one  huge  sheet  of  fire.  Nor ■ 
Ware  the  exposed  parts  of  their  bodies  sinauJar  in  this  respect, 
for  to  the  eye  they  all  seemed  to  burn,  althongh  without  any 
feeling  even  of  warmth.  When  they  applied  their  hands  to  any 
of  the  melting  snow,  the  luminous  substance  adhered  to  them  as 
well  as  the  moisture,  and  this  property  was  not  lost  by  the  snow 
for  twelve  or  fifteen  minutes.  The  evening  became  again  mild 
and  calm,  but  lowering  and  very  dark.  The  natives  had  not 
witnessed  any  similar  appearance  before ;  and  many  of  Uiem 
believed  it  the  forerunner  of  some  dire  calamity  that  was  to^ 
belal  their  mountain  land.  Rev.  Colin  Smitk.~^(E.i\a,  Phil. 
Jour.) 

11.  Jdr.  Mackintosh's  "Process for  rendering  impervious  to  Water 
and  Air  all  Kinds  of  Cloths;  also  LeaUier  and  Paper,  S;c. 
This  very  valuable  process,  which  we  owe  to  the  ingenuity  of 
our  countryman  Mr.  Charles  Maclcintosh,  consists  in  joming  the 
ebrfaces  of  two  pieces  of  cloth  by  a  fle.'cible  varnish,  made  of 
caoutchouc  dissolved  in  the  naptiia  obtained  from  the  distillation 
of  coal.  The  caoutchouc,  after  being  cut  into  thin  shreds,  is 
steeped  in  the  varnish  composed  of  twelve  ounces  of  caoutchouc 
to  one  wine-glass  full  of  the  oil.  Heat  may  be  applied,  and  the 
thick  varnish  must  be  strained  through  a  sieve  of  wire  or  horse- 
hair- The  cloth  is  stretched  on  a  frame,  and  then  covered  by 
means  of  a  brush  with.*  coat  of  the  elastic  varnish.  When  tlie 
varnish  has  become  sticky,  another  piece  of  similar  cloth,  sirai- 
Bftly  varnished,  is  laid  upon  the  first,  the  surfaces  being  placed 
face  to  face ;  and  to  promote  the  adhesion,  tliey  are  pressed' 
between  a  paiV  of  plain  rollers,  and  then  dried  in  a  warm  room. 
This  cloth,  of  which  we  have  now  several  very  fine  specimens 
before  us,  besides  being  used  for  outer  garments  to  keep  off  rain,. 
will  be  found  highly  useful  for  various  purposes  in  the  arts  and. 
sciences.— (K din,  JoUr.  of  Science.) 
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eatise  on  Volcanoes,  and  their  Connexion  with  the  History  o 
the  Globe.     By  G.  P.  Scrope.     8vo. 

A  Course  of  Studies  in  Plane  Geometry.  By  T.  S.  Davies,  Prime 
Teacher  of  Mathematics,  Bristol. 

Materia  indica,  or  some  Account  of  those  Articles  which  are 
employed  by  tlie  Hindoos  and  other  Eastern  Nations,  in  their  Medi- 
cine, Arts,  Agriculture,  and  Horticulture.  By  Whitelaw  Ainslie, 
MD.  MKAS.  late  of  the  Medical  Staff  of  Southern  India.    8vo. 


An  Historical  and  Descriptive  Narrative  of  Twenty  Years'  Residence 
in  South  America;  containing  'I'raveU  in  Arauco,  Chile,  Peru,  and 
Columbia ;  with  an  Account  of  tke  Revolution.  By  W.  B.  Stevenson. 
3  vols.     Svo.     21.  Is. 

Practical  Remarks  upon  Tndi|^«stion,  particularly  j\s  connected  with 
Bilious  and  Nervous  Affections  of  the  Head,  &c.  Illustrated  by  Cases. 
By  John  Howship,  MRCS.  &c,     Svo,     Is. 

Rennie  on  Gout.     Svo.     £«.  &d. 

Welbank  on  Syphilis.    8vOi    7s.  6rf. 

The  Theory  and  Practice  of  Wanning  and  Ventilating  Public  Build- 
ings, &c.     20  Plates.    Svo.     18s. 

Lynn's  Nautical  Tables.     Boyal  Svo.     2/.  Is. 
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J.  Pox,  Plymouth,  Devonshire,  rectifying  distiller,  for  an  improred 
safe  to  be  used  in~  the  distillation  of  ardent  spirits. — May  H. 

C.  Macintosh,  ij^rossbasket,  Scotland,  for  a  new  process  for  making 
steel — May  14. 

J.  Badams,  Ashted*  near  Birmingham,  chemist,  for  a  new  method  of 
extracting  certain  me  tals  from  their  ores,  and  purifying  certain  metals. 
—May  16. 

I.  Keviere,  Oxford-street,  gunmaker^  for  an  improved  constructioni 
arrangement,  and  simpl'ification  of  the  machinery  by  >vhich  guns,  pis< 
tols,  and  other  fire-arras;  are  discharged. — May  20. 

W.  H.  James,  Coburg -place,  Winson-green,  near  Birmingham,  engi- 
neer, for  certain  improv>;ments  in  apparatus  for  diving  under  water, 
and  which  apparatus  is  also  applicable  to  other  purposes. — May  31. 

J.  H.  Sadfer,  Hoxton,  Middlesex,  machinist,  for  an  improved  power 
loom  for  the  weaving  of  silk,  cotton,  linen,  wool,  flax,  and  hemp,  and 

ixtures  thereof. — May  31. 

J.  F.  Ledsam,  merchaat,  and  B.  Cooki  bra3S*fbiuider,  both  of  Bir« 
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jmB^am,  for  improvements  in  the  production  and  purification  of  gd^ 
p». — May  31. 

■    J.  Crowder,  New  Uadford,  Nottingham,  lace  net  manufacturer,  for 
inprovements  on  the  Puslew  bobbin  net  machine. — May  31. 

J.  Apsdin,  Leeds,  bricklayer,  for  a  method  of  making  lime. — 
Jane  7. 

C.  Powell,  Rockfield,  Monmouthshire,  for  an  improved  blowing 
machine. — .Tune  6. 

A.  Bernon,  Leicester-i^quare,  merchant,  for  improvements  in  ful- 
ling mills,  or  machinery  for  fulling  and  washing  woollen  cloths,  or 
•uch  other  fabrics  as  may  require  the  process  of  fulling. — June  7. 

M.  Poole,  Lincoln's  Inn,  for  the  preparation  of  certain  substances 
"r  making  candles,  including  a  wick  peculiarly  constructed  for  that 
~ipiwe. — June  9, 

i.  Burridge,  Nelson-square,  Blackfriars-road,  merchant,  for  improve> 
aits  in  bricks,  houses,  or  other  materials,  and  for  the  better  ventila- 
n  of  houses  and  other  buildings. — June  9, 
■J.  Lindsay,  of  the  island  of  Herme,  near  Guernsey,  for  improve- 
Its  in  the  construction  of  horse  and  carriage  ways  of  streets,  lum- 
e  and  other  roads,  and  an  improvement  or  addition  to  wheels  to  be 
d  thereon. — June  14. 
',  H.  James,  Coburg-place,  Winsoo-green,  Birmingham,  engineer, 
r  trnprovements  in  the  construction  of  boilers  for  steam-engmes. — 
aae  14. 

^J.  Downton,   Blackwall,   shipwright,  fur  improvements  in  water 
Buets. — June  18. 

p  W.  Mason,  Cattle-street,  East,  Oxford-street,  axletree  manufacturer, 
W  improvements  on  axletrees..— June  18. 

'  C>  Phillips,  Upnor,  Kent,  for  improvements  in  the  construction  of. 
'  'a  compass. — June  IS. 

_.  Atkin!:,  Drury-lane,  and  Henry  Marriott,    Fleet-street,   

nger,  for  improvements  on,  and  additions  to,  stoves  or  grates.-^, 
June  18.  1' 

E.  Jordan,  Norwich,  engineer,  for  a  new  mode  of  obtaining  power 
applicable  to  machinery  of  different  descriptions. — June  18. 

J.  Thompson,  Vincent -square,  Westminster,  and  the  London  Steel 
Works,  Thames  Bank,  Chelsea,  and  John  Barr,  Halesowen,  fiirming- 
'      I,  engineer,  for  improvements  in  producing  steam  applicable  to 

m-engines,  or  other  purposes. — June  21. 
[  T.  Norlhington,  the  younger,  and  J.  Mulliner,  both  of  Manchester, 
lull-ware  manufacturers,  for  improvements  in  the  loom,  or  machine, 
ied  for  the  purpose  of  weaving  or  manufacturing  of  tape,  and  such 
ther  articles  to  which  the  said  loom,  or  machine,  may  be  applicable. 
ijuneSl. 

I  Robs  Corbett,  Glasgow,  merchant,  for  a  new  step,  or  steps,  to  ascend 
"^i  descend  from  coaches,  and  other  carriages. — JuneSl. 
P.  Brookes,  ShelCon,  in  the  Potteries,  Staffordshire,  engraver,  for 
Iprorements  in  the  preparation  of  a  certain  composition,  and  the 

^tplication  thereof,  to  the  making  of  dies,  moulds,  or  matrices,  smooth 

surfaces,  and  various  other  useful  articles. — June  21. 

J,  F,  Smith,  Dunston  Hall,  Chesterfield,  for  improvements  in  ma- 
chinery for  drawing,  roving,  spinning,  and  doubling  cottotif  wooli  and 
_^«  fibroiu  Eubstances.— Jime  SI. 
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J.  J.  fiaiftlttere;  Belmtat  DbtiUecy,  Waodfworth  Rodd^-  Sumy* 
distiller,  for  improvemenU  in  distiOing.— June  28. 
•.  P^  RedaaandyOld-fitreetlload,  MiddLteex^  engineerp  forimprove* 
ments  in  building  Bhim,  houseSy  &e.-«June  S8. 
■  G«  ThmnpfiOD^  Wofyerhampton^  foir  imprATeiiieDtB  in  the  construction 
of  saddles  .-—June  28. 

J,  Heathcoat,  TiTerton,  lace-taanufiicfcbr^i  &r  iABpnnroBients  in 
manufacturing  thrown  silk. — ^July  6. 

W»  Heycock^  doth-manufiictureri  I^eedf 9  for  impravementa  ia  lna< 
obipery  for  dressiu^  cloth.— ^uly  8* 

J.  JBiddle*  Dormington,  Salop,  glass  nianiifiicturer»  for  his  machinerf 
fox.  iqiUBingy.nepairing^  and  deanaiiig  roacls  and  pathSf  &c-r-Jult  & 

iUeut  Mplyneux  Shieldham,  firampton  Hail,,  y^nai^t^  Suffolk^ 
for  improvements  in  setting,  working,  reefing,  and  ftirlmg  the  aaila  1^ 
Vfifels.r-- July  8* 

W.  Pumival  and  J.  Craig,  both  of  AndertoQ«  .Gbcibire^  aalt^mamw 
facturers,  for  ilnprovemcnts  in  tho  maou&cturiog  of  sait-^Jnly  8. 
.  ,J«  Dpiy  and  S.  Hall,  Nottingham^  laoermanolbctarers^  for  their 
iasprpYtment  on  a  jMisher  twist  or  bdbWn-net  machioe^*^ Julr  fi. 

W»  Haaoock,  King*8treet»  Northamptonrsquiu^  Hiddletex,  for 
improvements  in  the  making  of  pipes  for  the  passage  of  fluids.-i# 
July  16.    ..      '      ..  .  ,. 

W.  and  H.  Hurst,  Leeds»  fi>r  improvements  in  scribbling  and  carcPi 
ing  sheep^s  wool. — ^July  16. 

'.  H.  Hurst*  manufacUirer^  and  G.  Brsdley,  machine-maker,  both  of 
Leeds,  for  improvements  in  looms  for  woollen  cloths.— July  16*  > 

T.  W.  jStansfeldy  mercbadty  W.  Prichard,  civil :  engineer,  .  and 
S.  Wilkinson,  merchant,  Leeds,  for  improvements  in  looms  and  in  tiid 
implements  .connected  therewith^*»-July  16. 

T.  Saddler,  Devizes^  for  improvements  in:  collars  for  horses  waA 

other  aiiimalsv-^July  16.  

.  M.  I.  Brunei,  Bridge-street^  Blickfriars,  for  mechanical  arrangew 
ments  for  obtaining  powers  from  fluids,  and  for  applying  the  same  to 
various  useful  purposes.*^ July  16. 

T.  Sitlinton,  Stanley  Mills*  engkifier,  for  improvements  in  machinery 
for  shearing  or  croppiD|f  woollen  or  other  cloths.*— Jul jr  16.; 

J.  Farey,  Lincoln's-inn  Fields>  oivil  engineer,  for  improvements  in 
lamps. — July  16* 

T.  R.  Williams,  New  Norfolk*6treet,  Strand,  for  an  improved  lancet. 
r^ulyl6. 

Lieut  T.  Cook,  Ujmer  Sussex-place,  Kent  Road,  fbr  improvemoits 
in  the  construction  of  carriages  and  harness  for  the  greater  safety  of 
personsriding.-— July  16* 

J.  Cheseborough,  dyer,  Manchester,  for  a  method  of  conducting  to 
and  winding  upon  spools,  or  bobbins,  rovings  of  cotton,  flax,  wool,  or 
other  fibrous  substances. — July  16* 

W.  Hirst,  and  J.  Carter,  cotton  spinner,  Leeds,  for  an  apparatus  for 
living  a  new  motion  to  mules  or  billie8.'^--Ju]y  16. 
;   J.  P.  De  la  Pons,  George-'Street,  Hanover*square,  dentist,  &r  im^^ 
provements  in  extractins  and  fixing  teeth.-^July  16. 
.  J.  Downton,  Blackwafi,  Middlesex,  shipwright,  Ant  improvements  in 
narhlnetoy  pUBipq^r*July  !&  ' 
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Wind. 

M«. 

fliia.  ■ 

Mnc. 

Mia. 

Ev^p. 

Ri&i.  - 

6th  Mon. 

-.J. 

June  1 

s     w 

30-49 

3021 

72 

50 



09 

2 

s    w 

30-21 

29-89 

68 

54 



3 

N     W 

29-89 

29-74 

62 

50 

— 

05 

4 

s     w 

2974 

29-60 

65 

43 

— 

15 

5 

N     W 

30-12 

29-60 

55 

38 

— 

_ 

6 

N     W 

30-12 

30-04 

64 

52 

•86 

7 
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30-11 

5003 

71 

51 



8 
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30-21 

30  11 

75 

49 



9 
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30-40 

30-Sl 

75 

45 



10 

w 

30-40 

30-36 

79 

46 

■79 

II 

E 

30-36 

30-29 

81 

44 

12 

E 

30-29 

30-27 

84 

48 

— 

13 

N       E 

30-40 

30-27 

81 

49 

--*- 

U 

N       E 

30'43 

30-40 

80 

43 

-88 

15 

N       E 

30-40 

3032 

82 

43 

l6 

N       E 

30-32 

30'29 

85 

45 

f— 

17 

N       E 

30-33 

30  31 

73 

38 

— 

18 

N       E 

30-32 

30-20 

75 

39 

— 

19 

S 

30-20 

29-93 

77 

40 



20 

N    W 

30  02 

29-93 

67 

37 

■74 

07 

21 

N      E 

30-19 

30-02 

62 

35 

22 

N     W 

30-24 

30-J9 

74 

42 

__ 

■: 

23 

N     W 

30-23 

3015 

75 

42 

_ 

34 

a    w 

30-15 

29^6 

75 

44 

— 

^ 

95 

S        E 

29P3 

29-87 

77 

47 

-98 

05 

26 

3      W 

29-91 

29-93 

70 

44 

03 

27 

s    w 

29-9* 

23-93 

72 

50 

08 

28 

s    w 

29-93 

29-86 

74 

52 



08 

29 

N     W 

29-88 

29-87 

73 

54 



02 

30 

N     W 

29-90 

29-88 

72 

55 

— 

06 

30-49 

39-60 

85 

35 

4-25 
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m^mning  at  u  A.  01.  on  the  An  indieitcd  m  the  fln 
the  result  a  indoded  in  the  nest  Moving  obietTMiaD. 


:  wlj  to  a  period  of 
m  the  flm  CMmnn.    / 
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REMARKS. 


Sixth  MoHth.'^l,  Fine.  2.  Fii^  with .  oocatioiulv ^oacb  '  3.  Fine*  4.  Rainy. 
5.  Sbomerr*  6,7.  Fine.  6.  Cloudy;  9— |9..Flne.  teJCkmcly:  ahoiirerB. 
tl— t4.  Fine.  t&.  Sliowery.  86.  Fine:  riKnref/.  87.  Fine,  ^ih  slight  showent. 
88,  Showery.    89.:  Cloudy.    30.  Shoiraqr. 


RESULTS. 


Wiwii.:    Kil,7;  E,i;  SB,  1;  S,  1;  SAV,  10;  W,  1 ;  KW,  8. 
Beiometdr:  Metnhe^t 

For  th»  month ;..«... .^ 30>il8  inches. 


•     I 


Thennometer :  Hein  h^ht 

Forthenumth ....59*516^ 

■  •        ■  r 

•  t 

Eraponittoa •..•..«•• • i.,^ .4*85  in. 

Rain .•...»... p-6a 
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Article  I. 

Oh  Naval  Improvement.     By  Col.  Beaufoy,  FRS. 

(To  the  Editors  oUhe  Aitiiah  tif  Philosophy.) 

GENTLEMEN,  Buihci)  Ileath,  near  Stanmore,  Aug.  I,  ISS5. 

The  building  of  three  experiraentat  vessels  for  the  improve- 
ment of  naval  architecture  having  excited  much  attention  in  the 
public  mind,  not  only  from  the  peculiarly  interesting  nature  of 
the  sdence  under  inquiry,  but  from  the  professional  abilities  of 
the  different  projectors,  the  individual  success  of  each  ship  has 
been  observed  with  an  anxiety  commensurate  with  the  import- 
ance of  the  object  in  view. 

If,  notwithstanding  the  skill  of  the  constructors,  neither  of 
these  men  of  war  showed  decided  superiority  in  saihng,  the 
failure  must  be  attributed  to  our  ignorance  of  the  resistance 
bodies  meet  with  when  opposed  to  the  impulse  of  water.  Our 
knowledge  of  this  branch  of  physics  is  nearly  as  limited  as  our 
acquaintance  with  the  laws  which  govern  the  motion  of  the 
fixed  stars;  but  here  the  parallel  must  end:  the  accumulated 
industry  of  ages  alone  will  probably  detect  the  cause  which 
produces  change  of  place  amongst  these  heavenly  bodies, 
whereas  the  advancement  of  hydrodynamics  is  within  the  influence 
of  the  present  generation. 

If  strength,  durabihty,  and  efficiency,  be  all  that  is  required 
in  our  floating  fortresses,  these  characteristics  have  already 
been  combined  by  the  talent  of  Sir  Robert  Seppitigs, 

It  appears  that  much  uncertainty  existed  in  the  sailing  of  the 
experimental  vessels  :  sometimes  one  had  the  advantage,  some- 
times another ;  the  distinction  resting  mainly  on  the  quantity 
and  stowage  of  the  ballast,  alterations  in  the  masts,  yards,  &c. 
The  requisiteness  of  these  changes  is  a  proof  that  trie  highest 
genius  is  incapable  of  correctly  anticipating  either  the  qualitieft 
or  the  sailing  powers  of  a  ship  prior  to  her  going  to  sea. 
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One  great  point  has  been  gained  by  building  these  vessels, 
in  showing  that  the  synthetical  process  is  inadequate  to  obtain 
the  end  in  view.  Is  it  not  similar  to  a  chemist  who,  desiring 
to  analyse  metals,  of  which  some  were  known  and  others 
unknown,  first  mixed  them  altogether,  and  then,  after  great 
pains,  labour,  and  expence,  discovered  the  impossibility  of 
arriving  at  any  acQurate  conclusion  in  regard  to  their  respective 
properties  ;  'whereas  had  he,  in  the  first  instance,  separately 
examined  each^  the  result  would  have  proved  less  fatiguing,  less 
costly,  and  more  satisfactory  ?  In  all  complex  cases,  scientific, 
or  mechanical,  the  most  easy  and  natural  way  for  well  under- 
standing the  subject  is  to  resolve  it  into  the  component  parts. 

In  the  construction  of  ships,  the  great  and  leading  features 
are  stability  and  fast  sailing;  the  theory  of  the  former  is  suffi- 
ciently known,  but  our  acquaintance  with  the  resistance  of  non- 
elastic  fluids  may  be  termed  yet  in  its  infancy.  The  ablest 
builder  is  at  present  ignorant  of  the  curves  best  adapted  for 
dividing  the  water ;  and  working  thus  in  the  dark,  it  is  no  won- 
der that  the  aggregate  of  slow  sailers  so  far  exceeds  those  that 
are  fast. 

If  it  be  deemed  desirable  to  persevere  in  building  experimental 
vessels,  the  plan  proposed  in  the  Annah  of  Philosophy ^  for  Oct. 
1817,  may  not  be  unworthy  of  notice. 

The  importance  of  discovering  the  curve  of  least  resistance  is 
not  confined  alone  to  vessels  moved  by  the  power  of  wind. 
Constructors  of  steam  boats  are  deeply  interested  in  the  fact* 
If  a  packet  with  an  engine  of  forty  hors6  power  be  driven  nine 
knots  in  an  hour,  it  will  require  an  effort  of  nearly  sixty-one 
horses  to  increase  the  speed  to  ten.  Could  this  additional  mile 
be  gaiqed  by  giving  the  hull  a  more  advantageous  form  for  cleav- 
ing the  water,  many  substantial  benefits  would  accrue.  The 
original  cost  of  the  engine  would  be  lowered  froiQ  the  inferior 
size  required,  expenditure  in  fuel  and  stowage  would  be  saved^ 
und  less  risk  incurred  of  the  melting  of  the  grate  bars.  In  short, 
from  the  waterman  who  plies  upon  the  Thames  to  the  captain 
commanding  the  largest  ship  in  the  British  navy,  all  are  inte- 
rested in  finding  the  solid  of  least  resistance  ;  the  first  by  dimi- 
nishing the  labour  of  the  oar,  'and  the  latter  by  outrsailing, 
coming  up  with,  and  capturing  the  enemy's  ship. 

Ships  h^ve  been  aptly  compared  to  bridges  connecting  the 
whole  world  togetiier;  a  ^low  sailing  vessel,  therefore^  is  a 
bridge  longer  than  necessary.  It  is  not  improbable  that  the 
Carthaginian  and  Roman  builders  surpassed  the  modems  in  the 
form  they  gave  their  men  of  war  for  cleaving  the  water,  because, 
being  frequently  impelled  by  oars,  to  lighten  the  fatigue  of  the 
lowers^  must  have  been  a  matter  of  the  greatest  moment. 

It  is  highly  jgratifying  to  observe  t£e  pleasure  that  several 
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of  the  nobility  and  gpntry  take  in  maritime  concerns.  The 
Royal  YachtClub,  by  building  vessels,  and  bestowing  prizes  on 
the  best  sailers,  enjoy  the  patriotic  and  praiseworthy  conscious- 
ness that  lupney  so  expended  encourages  some  of  the  most 
useful  classes  of  society,  and  creates  a  spirit  o(  emulation  among 
the  different  branches  of  artiticers  connected  with  nautical 
aiiairs.  This  institntion,  by  introducingfortrial  new  and  expen- 
sive machiuery,  is  capable  of  performing  services  which  few 
iadividuals  could  nndertakei  and  it  is  submitted  for  the  consi- 
deration of  the  body  whether  considerable  improvement  in  the 
science  of  sailing  might  not  result  from  the  following  esperi- 
ments. 

Lug  sails  are  usually  thought  preferable  to  others  in  turning 
to  windward,  and  such  as  are  taunt  and  narrow  are  deemed 
more  effective  than  those  that  are  low  and  square;  but  this 
phrase  of  taunt  and  narrow  is  extremely  indefinite.  la  the  first 
mstance  it  is  proposed  that  a  vessel  rigged  as  a  lugger  shall  sail 
with  others,  and  most  bkely  one  amongst  them  will  be  found 
either  a  company  keeper,  or  whose  rale  is  nearly  on  a  par.  In 
the  next  place,  let  canvass  be  taken  from  the  breadth  of  the 
»mU  and  added  to  the  hoist,  and  a  second  comparison  made; 
tbnB  subjecting  the  sails  to  repeated  alterations  and  trials,  until 
^  maximum  of  the  length  to  thne  breadth  be  obtained.  This 
bet  established,  the  next  suggestion  is  to  convert  the  lugger 
1^0  a  cutter,  observing  the  necessary  precaution  that  the  main- 
Bul,  foresail,  and  jib,  expose  the  same  surface  to  the  action  of 
the  wind,  as  the  sails  of  the  lugger.  The  third  trial  consists  in 
changing  the  same  vessel  into  a  schooner,  scrupulous  regard 
being  paid  that  the  quantity  of  sail  is  equal  in  the  three  cases, 
and  that  no  variation  in  the  weight,  quantity,  or  stowage  of  the 
ballast  be  permitted  either  in  the  boat  of  comparison,  or  experi- 
mental vessel. 

Rigid  adherence  to  these  points  is  essential  to  the  success  of 
tl)£  experinients,  inasmuch  as  it  is  the  action  of  sails,  and  not 
the  best  trim  of  the  hull,  which  forms  the  object  of  the  present 
inquiry.  A  vessel  of  size  is  for  several  reasons  desirable ;  one  of 
14  feet  beam,  and  57  on  deck,  miglit  prove  sufficiently  large;  but 
the  beams  of  the  deck  should  be  so  disposed  as  to  require  no 
removal  in  the  subsequent  alterations  of  the  masts  for  the  various 
modes  of  rigging.  It  is  also  recommended  that  the  body  be 
clencher  built ;  vessels  so  constructed  generally  excel  in  sailing 
■ffph  as  are-carvel  made,  and  this  superiority  will  obtain  bo  long 
as  the  resistance  of  water  to  curved  lines  shall  be  involved  in 
obscurity. 

It  is  somewhat  paradoxical  that  constructors  of  boats  for  con- 
^band  trade  should  possess  such  decid(;d  advantage  over  tlie 
bttilders  employed  by  the  revenue  as  to  call  forth  an  Act  of 
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Parliament  reflating  ihe  extent  and  the  fixing  of  the  bowsprit^ 
aiid  limiting  the  proportions  which  the  breadth  of  a  vessel  must 
bear  to  its  length.  Such  ledslative  interference  is  detrimental 
to  science :  experience  teaches  us  that  attempts  to  run  goods 
ivill  continue  so  long  as  high  duties  create  the  temptation ;  and 
the  boat  restrictions^  instead  of  mitigating  the  evil,  have  but 
caused  the  removal  of  the  capital  and  skill  of  the  constructors 
from  our  own  coasts  to  those  of  Holland.  Ifa  smuggler  build  a  lug- 
ger 13  feet  beam,  96  from  stem  to  stem,  and  the  bowsprit  60  feet 
long,  why  not  launch  a  custom  vessel  of  100  feet  in  length :  the 
smuggler,  if  chased,  would  use  his  best  endeavours  to  escape ;  the 
revenue  officer,  actuated  by  duty  and  stimulated  by  hope,  would 
exert  his  utmost  to  make  a  seizure,  and  the  relative  success  of 
either  party  would  soon  determine  the  most  effective  limits  of 
length  to  breadth. 

Let  not  these  remarks  be  misconstrued  into  an  advocation  of 
illicit  trade.  Taxes  must  be  raised,  and  consequently  any  per- 
son who  by  smuggling  evades  paying  his  individual  share,  com- 
mits a  fraud  on  tne  rest  of  the  community  by  binding  on  others 
the  obligation  of  his  own  debts.  My  sole  wish  is  that  naval 
science  may  not  be  injured  by  legal  enactments.  On  the  same 
principle  that  laws  are  made  for  building  and  fitting  of  vessels, 
why  snould  not  others  pass,  restricting  residents  on  the  coast 
suspected  of  contraband  addictions  to  the  services  of  none  but 
lame  horses ;  whereas  all  such  as  are  fleet  shall  be  devoted  to  the 
use  of  those  engaged  in  the  collection  of  the  revenue. 

1  remain.  Gentlemen,  your  obliged 

Mark  Beaufoy. 


Article  II. 

Explanation  of  the  Theory  of  the  Barometrical  Measurement  of 

Heights.    By  Mr.  Nixon. 

{Concluded  from  p.  96.) 

Calculation  by  Logarithms. 

We  have  seen  that  when  the  differences  of  the  pressures  sus- 
tained at  the  summit  and  base  of  the  strata  of  an  atmosphere  of 
dry  air  are  the  same,  the  weights  of  those  strata  will  be  equal, 
and  their  heights,  granting  them  to  be  so  thin  as  to  be  sensibly 
of  uniform  density,  will  be  reciprocally  as  the  pressures  they 
support ;  consequently  as  the  difference  of  the  logarithm  of  any 
given  number  and  that  of  another,  greater  by  an  indefinitely 
i^mall  quantity,  compared  to  the  logarithmic  difference  of  any 
ether  given  number,  and  one  greater  by  the  same  difierence  will 
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Ri  reciprocally  as  the  two  given  numbers,*  it  is  evident  that  the 
itural  numbers  of  a  table  of  common  logarithms  will  represent 
e  pressures  [or  heights  of  the  barometer,  and  the  difference  of 
tbeir  corresponding  logarithms,  the  difference  of  level,  oraltitude 
of  the  strata  (or  stations),  pombiy  in  feet,  but  at  all  events  in 
some  constant  ratio  of  the  scale  of  the  barometer. 

We  have  demonstrated  that  when  the  pressures,  as  we  ascend 
a  series  of  stations,  are  observed  to  diminish  in  geometrical 
progression,  the  difference  of  level  of  the  stations  will  be  equal; 
and  we  shall  find  that  if  we  affix  to  a  series  of  numbers  in 
geometrical  progression  their  corresponding  logarithms,  then 
will  the  differences  of  the  latter  continue  equal ;  thus  confirming 
the  propriety  of  substituting  logarithms  in  our  calculations,  for 
the  more  tedious  and  less  accurate  method  made  use  of  in  the  _ 
first  instance.  ^^J 

Example.  ^^M 

DiiFeiences.  ^^^| 

(Logarithm  of  32  =  l-50ai500  J^H 

16  =  1-2041200   ....  -3010300  ^^M 

8  =  0-903O900    ....  -3010300  ^^M 

4  =  0-6020600   ....  -3010300  ^H 

2  =  0-301O300   ....  -3010300  ^H 

1  =  O-OOOOOOO   ....  -3010300  *  ^H 

"The  vertical  height  of  a  stratum  of  dry  air  of  the  temperature  ' 
of  32°  F.  intercepted  by  the  pressures  of  43-42945  inches,  and 
43-42946  inches,  is  equal  to  -0060095  foot;  but  as  the  logarith- 
mic difference  of  the  pressures  is  only  -0000001,  we  must  multi- 
ply the  difference  of  the  logarithms  of  the  heights  of  the  baro- 
meter at  the  two  stations  by  60095,  and  the  product  will  be 
equal  to  their  difference  of  level  in  feet. 

Example.  ,  ^^M 

Lower  barometer  30-5  in.     Log.  1-4842998  J  ^^| 

^CTpper  barometer  15-5  M903317  ^^ 

Ht  Difference  0-2939681  x  60095  =  17660  ft. 

^^  When  the  mean  temperature  differs  from  32°,  we  must  alter 
tile  multiplier  of  the  logarithmic  difierences  (termed  the  constant 
coefiBcient)  in  the  ratio  of  the  variation  of  tlie  volume  of  the  air; 
or  we  may  multiply  the  altitude  at  32°  by  the  difference  of  that 
temperature  and  the  mean  of  the  detached  thermometers,  and 

•  Log.  of  15-00 1-1760913  1  L«^,  of  30-CO i-41T12!3 

la-oi  MTsasoT  so'Oi  i-4na6uo 

Diffetences  0001  000028     |  DifF.      00-01   0-00014-lT 

HenceSSSliE  to  Hll  in  theinvene  latio  of  15  toSO. 


aWidinff  tHe  pi^duct  by  480,  add  ot  subtrilcst  thfe  quotl^M  a^erd- 
irig  a6  the  meatl  tehiperatare  te  above  or  below  32®. 

In  otder  to  introduce  the  correction  for  the  diminil^hed  speei* 
fie  gravity  of  the  quicksiker  in  the  VfeMicai  line,  We  mu«t 

augment  the  constant  coefficient  jjgj,  or  to  60246,  and  call  the 

dilatation  of  air  jr-  per  degree. 

The  indices  of  the  logarithmic  differences  being  sometimes 
negative  as  well  as  affirmative,  it  will  be  advisable  to  disregard 
them  altogether,  considering  the  tabular  logarithms  of  the  pres- 
sures as  decimals  I 

Cofistruction  of  the  BaroffieteK 

The  syphon  barometer  consists  of  a  glass  tube  bent  m  the  form 
of  an  inverted  syphon,  filled  with  very  pure  mer* 
cury  freed  from  air  by  carefully  boilmg  it  when  P 

in  the  tube.*  Each  branch  being  furnished  with 
a  scale  of  inches  having  their  zeros  coinciding  in 
level,  the  difference  of  the  observed  heights  of 
the  summits  of  the  (perpendicular)  mercurial  (^ 
columns  will  be  equal  to  the  height  of  the  baro- 
meter or  pressure  of  the  atmospnere.  In  order 
to  dispense  with  the  shorter  scale,  the  index  of 
.the  lotig^r  branch  is  so  constructed  as  to  slide 
down  to  the  level  of>  and  extend  horizontally  to 
the  stitnmit  of  the  mercury  in  the  other  branch. 
In  some  baronieters  the  zero  of  the  scale  is  placed 
anywhere  above  the  shorter  leg  as  at  a,  and  the 
inche;3  are  numbered  upwards  and  downwards 
so  that  the  sum  of  the  two  measurements,  instead  of  their  differ*- 
ence,  exhibits  the  pressure.  An  augmentation  in  the  pressure 
of  the  atmosphere  having  taken  place,  a  depression  of  the  mer- 
cury in  the  snorter  branch,  and  an  equal  elevation  in  the  longer 
one,  of  half  the  quantity  of  the  variation  restore  the  equilibrium 
of  pressure.  To  obviate  the  trouble  of  measuring  the  difference 
of  level  of  the  two  columns,  the  shorter  one  only  has  been  pro- 
vided with  a  scale,  having  the  half  inches  numbered  as  whole 
inches ;— ^a  method  which  renders  it  impossible  to  make  a  proper 
correction  for  the  variation  of  temperature  of  the  mercury.  (We 
might  inquire  why  the  syphon  itself,  being  laterally  confined 
within  cylindrical  rings,  might  not  be  raised  or  depressed  by 
means  of  a  screw  fixed  below  y,  so  that  the  summit  of  the 
shorter  column  might  always  coincide  in  level  with  the  zero  of 
the  scale  fixed  at  «?) 

The  following  methods  have  been  resorted  to  with  a  view  to 
render  the  instrument,  portable.     1*  The  two  branches  being 

*  It  has  been  proposed  u  ah  impr^remeiit  t^^  the  tbbein  ti  vactttnn. 
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connected  by  means  of  a  little  apparatus  furniBhed  with  a  cock, 
the  whole  of  the  mercury  may  be  confined  within  the  longer 
branch.  2,  The  two  branches  being  fixed  within  a  leathern  bag 
containing  mercury,  a  stopper  is  inserted  in  the  shorter  branch, 
and  the  mercury  forced  lo  the  summit  of  the  interior  of  both 
branches  by  means  of  a  screw  pressing  against  the  bag.  The 
screw  serves  further  to  bring  the  shorter  column  of  mercury; 
under  every  variety  of  pressure,  to  the  zero  of  the  scale.  3.  The 
syphon  bemg  filled  with  mercury  in  the  usual  manner,  the 
ahorter  branch  is  hermetically  closed,  and  a  capillary  opening 
made  a  little  above  x.  to  admit  the  atmospheric  air,  but  too  small 
to  permit  the  mercury  to  escape.  To  break  the  force  of  the 
shocks  to  which  the  instrument  may  be  exposed,  the  longer 
tube  is  bent  out  of  a  straight  line,  or  both  branches  are  con- 
tracted in  bore  somewhere  near  the  summit. 

If  we  fill  a  number  of  strait  glass  tubes  of  different  interior 
diameters  with  mercury,  and  immerse  them  (inverted)  in  a  basin 
of  the  same  fluid  placed  in  a  vacuum,  it  will  be  observed  that 
the  mercury  within  the  tubes  wifl  descend  below  the  level  of  the 
fluid  in  the  basin;  the  depression  being  most  considerable  within 
the  tube  having  the  smallest  bore.  The  atmospheric  air  being 
admitted  to  press  on  the  mercury  in  the  basin,  it  will  be  found 
that  the  heights  of  the  mercurial  columns  (exhibiting  the  pres^ 
suros)  will  fall  short  of  the  elevation  of  the  column  within  an 
extremely  wide  tube,  and  that  the  discrepancies  will  be  equal  to 
the  depressions  below  the  surface  observed  before  the  admission 
of  the  air.  Hence  it  is  clear  that  when  the  interior  of  the 
syphon  barometer  is  not  of  the  same  diameter  in  both  branches 
within  the  rnnge  of  the  summits  of  the  mercurial  columns,  a 
correction  for  capillarity  (otherwise  unnecessary)  will  be 
required  :  the  lieight  of  the  mercury 

ithin  the   narrower  tube  must   be 
■mented  by  the  difference  of  the 

irrections  proper  for  the  respective 

bes. 

It  has  been  objected  to  the  syphon 
barometer  that  the  adhesion  of  the 
mercury  taking  place  through  the 
length  of  two  tubes  as  well  as  in  the 
part  connecting  them,  the  settling  of 
the  Huid  will  be  more  uncertain  than 
in  the  single  tube  of  the  cistern  baro- 
meter; and  that  two  measurements 
are  more  liable  to  error  in  noting  the 
pressure  than  when  one  only  is  re- 
quired. 

The  cistern  barometer  consists  in 
Us  Biuipleat  form  of  a  strait  tube  A 
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hermeticftUy  closed  at  one  end,  filled  with  mercuryi*  xind  having 
the  other  immersed  in  a  cylindrical  ivory  or  wooden  cistern  B, 
containing  a  sufficient  quantity  of  the  same  fluid.  The  tube  and 
cistern  are  connected  by  the  cover  C,  having  a  small  aperture 
for  the  admission  of  air. 

To  render  the  instrument  portable,  the  cover  is  constructed 
without  the  aperture,  but  can  be  opened  for  the  ingress  of  the 
air,  or  closed  to  prevent  the  escape  of  the  mercury  by  means  of 
an  ivory  screw.  To  counteract  the  oscillations  of  tne  mercury 
within  the  tube,  the  central  part  of  the  bottom  of  the  cistern  is 
formed  of  leather  having  a  screw  fixed  beneath  it  capable  of 
forcing  the  mercury  to  the  summit  of  the  tube, 
•  At  whatever  height  of  the  mercury  within  the  cistern  the 
artist  may  have  adjusted  the  scale  of  inches  so  that  its  zero  shall 
coincide  in  level  with  the  surface  of  the  fluid,  it  is  obvious,  that 
us  the  pressure  increases  (or  diminishes),  the  mercury  will  sub- 
side below  (or  rise  above)  the  level  of  zero.  This  constant 
source  of  error  is  remedied  in  the  barometer  of  Ramsden  by  rais- 
ing or  depressing  the  leathern  bag  sustaining  the  mercury  until 
the  mark  made  on  a  piece  of  ivory  floating  in  the  cistern  coin- 
cides in  level  with  some  fixed  point  equally  elevated  with  the 
mark  above  the  zero  of  the  scale.  The  adjustment  of  the  float 
to  the  gauge  beings  considered  as  difficult,  a  superior  plan  has 
been  adopted  by  Troughton,  consisting  in  having  the  vertical 
sides  of  th^  cistern  formed  of  glass  cased  in  brass.  Near  the 
top  of  the  case  is  a  horizontal  slit,  and  another  exactly  opposite, 
both  having  their  upper  edges  accuratelv  of  the  height  of  the 
zero  of  the  scale.  Tne  adjustment  is  effected  by  turning  the 
screw  of  the  leathern  bag  until  the  surface  of  the  mercury  seen 
through  the  horizontal  slits  just  excludes  the  transmitted  light. 

Barometers  of  this  description  are  extremely  cumbrous 
difficult,  in  ordinary  hands  to  adjust,  and  objectionable  on 
account  oiF  the  mercury  being  exposed  during  an  observation  to 
humidity,  &c.  They  have  in  consequence  been  superseded  for 
general  use  by  the  one  invented  by  Sir  H.  Englefield.  Its  pecu- 
liarities consist  in  the  cover  of  the  cistern  being  permanently 
closed,  the  air  forcing  its  way  through  the  pores  of  the  wood  ; 
and  that  instead  of  an  adjustment  to  bring  the  surface  of  the 
mercury  constantly  to  the  level  of  zero,  the  computer  increases 
or  diminishes  the  observed  heights  of  the  columns,  according  as 
they  exceed  or, fall  short  of  the  height  at  which  the  scale  was 
adjusted  (termed  the  neutral  point)  by  a  quantity  found  by  divid- 
ing those  differences  by  the  ratio  of  the  area  of  the  mercury 
within  the  tube  to  its  area  within  such  part  of  the  cistern  as 

•  When  the  barometer,  filled  with  mercury  at  ordinary  pressures,  is  carried  to  the 
turnout  o£»  l^ty  mcmntain,  a  third,  or  even  one-half  of  the  mercury  within  the  tube 
MUMfsnimidef  and  mixing  with  that  in  tLhe  cisitiem  tiVa.i«Qdsc  the  boiling  of  it  within  the 
nAv  of  fW7  ilmil«d  4iti2ity« 
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Eurrounda  that  tube.     This  ratio  is  termed   (for  brevity)  the 

capacilif. 

If  we  suppose  the  zero  0  (see  last  Bgure)  of  the  scale  of  an 
Englefield  barometer  placed  in  a  vacuum  to  coincide  with  the 
surface  of  the  mercury  x  within  the  lube,  depressed  from  capil- 
larity some  little  below  its  level  /  in  the  cistern,  it  is  evident  that 
the  height  of  the  mercurial  column  on  the  admission  of  the 
atmoBpheric  air  will  always  be  observed  in  defect,  and  in  one 
constant  ratio.  Admitting  the  bore  of  the  tube  to  be  uniform, 
it  is  unnecessary  to  be  acquainted  with  this  ratio  (equal  to  that 
of  the  capacity);  we  have  nierely  to  suppose  the  mercury 
increased  in  density  in  some  unknown  degree,  and  the  calcula- 
tions will  give  at  opce  the  true  altitude  without  the  previous 
'  [oublesome  corrections  for  capacity  (and  capillarity). 


variation  of  temperature  occurs,  the  heights  of  the 
columns  augment  and  dimmish,  not  only  without  interfering 
with  the  level  of  the  cistern,  but  the  height  of  the  mercury 
therein  is  itself  subjected  to  a  simultaneous  elevation  and 
depression  in  proportion  to  its  varying  depth.*  Setting  aside 
this  latter  cause  of  error,  as  being  too  trivial  to  be  regarded,  it 
must,  however,  be  admitted  that  the  reduction  of  the  columns 
for  temperature  should  be  made  on  their  observed  heights  aug- 
mented in  the  ratio  of  the  capacity,  or  that  the  expansion  per 
degree  f--  — J  should  be  proportionally  increased.  The  capa- 
city being  rarely  greater  than  one-fortieth,  the  errof  in  a  differ- 
ence of  It)  degrees  of  the  attached  thermometers  will  be  no  more 
than  one  foot. 

The  adjustment  in  a  vacuum  being  scarcely  practicable,  let 
the  artist  measure  the  heiglu  of  the  column  of  mercury  (as 
usual)  from  the  level  of  the  cistern,  and  subtract  the  correction 
for  capacity  7mHiis  that  for  capillarity.     The  scale  being  after- 

Admiiliiig  ilie  Wbe  and  iwlecn  to  preaerve  their  cJianieien  uiiHBected  by  tempera- 
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wards  bo  affixed  as  to  exhibit  the  height  of  the  cohiinn  at  thd 
reduced;  in  lieu  of  the  measured  quaotityi  the  calculations  may 
be  made  as  before  without  introducing  any  correction  whatever 
for  capacity  or  capillarity. 

Calculation. 

Measured. height  above  the  level  of  the  mercury  •• .  •  30*000  in. 

Correction  for  capacity  (rg- j  •.••••••••»•••  *600 

Capillarity  .........; -100 

•^ —  -500 

Height  to  be  indicated  by  the  scale.  ••.••  4  ••..«••  •  29*600 

The  correction  for  capacity  is  in  the  ratio  of  tlie  square  of  the 
interior  diameter  of  the  tube  to  the  square  of  the  diameter  of 
the  cistern  minus  that  of  the  exterior  diameter  of  the  tube.*  As 
an  incorrect  estimate  of  the  capacity  will  influence  the  adjust- 
ment of  the  scale  in  the  ratio  of  tKe  heis^ht  of  the  column,  the 

^  ■•■■■■>       w^^  *      ^     * 

artist  should  make  the  measurement  at  as  low  a  pressure  as 
practicable. 

The  Englefield  barometers  as  at  present  constructed  have 
their  neutral  points  marked  at  or  about  30  inches^  so  that  the 
computer  has  frequently  to  make  the  correction  for  the  lower 
barometer  additive,  and  the  one  for  the  instrument  at  the  upper 
station  subtractive.  These  corrections  may  indeed  be  shunned 
by  increasing  the  calculated  altitude  m  the  ratio  of  the  capacity,t 
but  the  methbd  is  only  tin  indifferent  approximation,  capable  of 
introducing  an  error  (in  defect,  when .  the  mean  of  the'  two 
pressures  ftills  below  the  neutral  point)  equal  to  the  100th  part 
of  the  altitude. 

When  the  absolute  pressure  is  required,  it  may  be  readily 
found  with  the  zero  adjusted  as  proposed  by  increasing  the 
observed  pressures  in  the  ratio  of  capacity^  and  then  correcting 
them  for  temperature^  To  adjust  the  zero  of  a  scale  already 
attached  to  the  barometer,  raise  the  scale,  or  lower  the  cistern 
with  the  connected  tube  by  a  quantity  equal  to  the  height  of 
the  neutral  point  divided  by  the  fraction  indicating  the  capacity 
minus  the  correction  for  capillarity  .J 

*  When  the  tuhe  and  dstem  are  not  formed  of  materials  expanding  alike  ftom 
change  of  temperature,  the  ratio  of  capillarity  wiU  be  (riightly)  variable. 

•\  To  reduce  the  errors  of  this  approximative  method,  the  neutral  point  should  be 
equal  to  the  mean  of  the  pressures  Ukely  to  occur  in  general  barometriciBl  observations, 
for  instance,  28  or  27  inches.  ■ 

t  Were  we  to  immerse  in  the  cistern  of  a  stationary  barometer  a  vertical  rod  of  glass 
of  the  same  dis.ncter  as  the  mercurial  column  within  the  tube,  and  so  connected  with 
the  index  as  to  move  with  it  in  a  vertical  line;  but  in  an  opposite  direction,  an  exact 
Gompetisation  would  be  effected  for  the  drainage  and  filling  of  the  cistern  at  pressures 
^jlffT^ng  itom  the  neajtral  point.    Should  the  length,  equal  to  the  rang&of  the  pressure, 
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Mr.  Newman  has  temarked  iliat  wheii  the  eover  of  the  cistern 
of  the  Englefield  barometer  is  sufficiently  porous  to  admit  the 
air  i^ith  freedom^  the  pressure  bf  the  screw  forcing  the  mercury 
to  the  summit  of  the  tube  cannot  fail  to  expel  sotne  portion  of 
the  fluid  through  the  cover,  thus  disturbing  the  adjustment  of 
the  zero ;  and  that  on  the  other  hand  a  coyer  made  sufficiently 
strong  to  prevent  the  escape  of  the  mercury  will  so  obstruct  thtt 
free  admission  of  the  air  that  a  very  considerable  time  must 
elapse  before  the  barometer  exhibits  the  correct  pressure  of  the 
atmosphere.  To  retnedy  these  evils,  Mr.  Newman  constructs 
the  cistern  of  cast-iron  having  a  cover  of  very  porous  wood* 
The  instrumeht  being  sufficiently  idclined,  the  mercury  ascends 
to  the  summit  of  the  tiibe^  and  is  retained  therein  by  a  terew 
capped  with  leather^  which^  passing  upwards  through  the  bot« 
toiia  of  the  cistern,  presses  against  the  orifice  of  the  tube.  Pro- 
vided  this  novel  method  of  rendering  the  instrument  portable 
shall  be  proved  to  preserve  the  colutati  of  mercury  free  irom  the 
adniixture  of  atmospheric  air,  there  caii  be  no  ddubt  that  thd 
iron  cistern  will  be  found  preferable  to  one  of  wood  and  leather^ 
varying  in  tension,  &c.  with  the  hygrometric  state  of  the  ittm04 
sphere. 

General  Obsen)atiom. 

Two  baronieters  filled  with  mercury  of  the  satne  specific  gra- 
vity, placed  hear  each  other  with  tneir  cisterns  oti  the  same 
level,  will  have  their  columns  (corrected  for  capillarity,  capacity, 
and  inequality  of  temperature)  observed  at  the  same  height 
tindei*  every  variety  of  pressure :  otherwise,  the  corrected 
heights  will  be  inversely  as  the  specific  gravities.  Hence  if  tw6 
barometers  compared  at  the  base  of  a  mountain  stand  at  30  in. 
and  30*2  in.  respectively,  we  milst  increase  the  pressures  exhi^ 
bited  at  the  upper  station  by  the  instrument  having  the  denser 
mercury  in  the  ratio  of  30  to  30*2  ;  in  lieu  of  adding  to  it,  as  is 
more  generally  the  case,  the  discrepancy  observed  at  the  base. 
It  will  be  in  vain  to  attempt  the  determination  of  the  difference 
of  level  of  places  distant  from  each  other,  by  means  of  the  sta- 
tionary barometer,  unless  the  mercury  is  ^nown  to  be  of  the 
same  specific  gravity  in  all  the  instruments. 

If  we  incline  a  barometer  out  of  a  vertical  line  the  difference 
of  level  of  the  cistern  and  summit  of  the  column  will  remain 
unaltered,  yet  as  the  scale  laterally  attached  to  the  tube  is 
equally  inclined  with  it,  we  measure  the  height  of  the  column 
in  excess  in  the  ratio  of  radius  to  the  secant  of  the  angle  of  incli- 
nation.    Nevertheless  if  the  barometers  at  the  two   stations 

require  a  cistern  of  an  inconvenient  depth,  the  rod  might  be  double  or  treble  the  area 
of  (a  horizontal  sectioh  of)  the  bbre  of  tnc  tube,  but  made  to  describe  a  vertical  space, 
inferiot  in  the  same  ratio  to  the  dhe  pasiied  over  by  the  index;  easily  efiected  by  aprt^ 
per  airangementoftfie  teeth  of  a  wh^  attached  to  the  glass  rod  and  &e  endlesi  wcstm  of 
the  index,  -, 
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deviate  from  the  perpendicular  by  the  same  angular  quantity^  the 
calculations  may  be  correctly  made  on  the  supposition  of  the 
mercurial  columns  having  been  truly  vertical.  It  is  merely  to 
imagine  the  mercury  specifically  too  light  in  the  ratio  of  the 
secant  of  the  angle  of  inclination  to  radius.  Should  the  decree 
of  obliquity  be  considerable,  the  friction  will  be  materially 
increased,  and  the  mercury  will  not  settle  so  correctly  as  in  a 
vertical  tube. 

To  verify  the  adjustment  of  zero  to  the  level  of  the  cistern, 
note  the  pressures  (when  very  low)  with  the  instrument  first  in 
a  vertical,  and  afterwards  in  an  inclined  position.  Then  if  the 
pressure  when  inclined  does  not  exceed  the  other  in  the  ratio  of 
radius  to  secant  of  the  angle  of  inclination,  the  zero  dips  within 
the  mercury,  and  the  heights  will  be  observed  in  excess.  Or 
we  may  fina  the  correct  pressure,  and  consequently  the  error  of 
idjustment,  by  measuring  the  height  of  the  longer  column  of  a 
wheel  barometer  (freed  of  its  pulleys)  above  a  horizontal  line 
drawn  from  the  summit  of  the  shorter  column,  llie  mercury 
in  the  two  instruments  must,  however,  be  of  the  same  specific 
gravity.* 

Errors. — ^When  the  pressure  is  incorrectly  measured  at  one  of 
the  stations,  which  may  arise  from  an  inequality  in  the  divisions 
of  the  scale ;  from  parallax  in  reading  off  the  vernier ;  from 
want  of  horizontal  parallelism  in  the  movement  of  the  index  ; 
from  the  barometers  differing  in  inclination ;  from  the  varying 
adhesion  of  the  mercury  to  the  sides  of  the  tubes  ;  or  from  the 
inexpertness  of  the  observer  in  adjusting  the  notch,  &c.  of  the 
vernier  in  ti  tangent  to  the  convex  summit  of  the  mercury, — ^the 
value  of  the  error  when  equal  to  '001  in.  will  be  generally  rather 
more  than  one  foot  of  altitude ;  or  more  correctly  to 

0-785  foot,  the  temperature  being  0°  F.  jp^^^^,^  31  .^^^^^ 

/goo  '  Q    j-  Pressure  16  inbhe^."^ 

When  the  zero  of  the  scale  is  improperly  placed,  ot  the 
allowance  for  capillarity  is  incorrect,  so  that  the  pnessUr^  ir6 
always  observed  in  excess  or  defect  by  some  constant  quantity, 
the  calculated  altitude  will  be  to  the  true  elevation  mS^y^^^^'feis 
the  half  sum  of  the  observed  pressures  is  to  that  hatf  suiti^tig' 
mented  or  diminished  as  the  pressures  are  in  defect  or  exce^^;by 
the  constant  error.  /The  subjoined  scale  exhibits  the  Valud  in 
feet  of  the  error  at  difFeirelit  pressures^,  the  altitfed^Mbf^iiig  ^WO 
feet.  .  ■  '  ^  '^■'  ••  -  '-■  '  • '"  • 

*  An  Englefidd  barometer  in  my  possession  (remarkable  for  the  constancy  with 
jrAicb  its  ineivaii^  jtnlumiMl.  if^ul^*  ^et0f  tp  ths  sama  haigjbt.  <hl  b^^.  4istMzbfd,  and 
.iAow  u  A  numtmatenal  difference  in  ^einsttumtDte  \u  Xbi&x^&'SkQcX^  bad  its  zero  placed 
too  b^h  by  nearly  haJf  an  inch. 
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The  corrections  are  additive  or  subtractive  according  as 
pressures  are  observed  in  excess  or  defect.* 

An  error  of  1°  F.  in  the  ditference  of  the  indications  of  the 
attached  thermomelers  will  render  the  calculated  altitude  incor- 
rect by  a  quantity  varying  with  the  temperature  of  the  air  from 
2''2  to  '2-7  feet.  To  obtain  the  correct  mean  temperature  of  the 
mercurial  columns  without  considerable  loss  of  time  is  one  of 
the  greatest  difficulties  the  observer  has  to  encounter.  In  the 
barometers  of  Newman,  the  cistern  is  furnished  with  a  thermo- 
meter having  its  bulb  (of  a  tapering  form)  immersed  in  the 
mercury. 

An  erroneous  estimate  of  the  mean  temperature  of  the  air 
amounting  to  1°  will  vary  in  value  from  one  foot  in  500  at  32°  F. 
to  one  in  480  at  90"  F.  Errors  will  occur  when  the  arrange- 
ment of  the  strata  of  the  atmosphere  of  different  temperatures 
is  such  that  the  half  sum  of  the  thermometers  does  not  represent 
their  correct  mean  temperature;  or  when  one  or  both  thermo- 
meters have  been  placed  with  so  little  discretion  as  to  give  the 
temperature  of  some  small  portion  of  air  affected  by  local  heat, 
in  heu  of  the  general  temperature  of  the  surrounding  air.  Errors 
may  also  be  introduced  when  the  lixed  points  of  the  thermome- 
ter are  placed  too  high  or  too  low ;  when  the  calibre  of  the  tube 
is  unequal,  and  not  allowed  for  in  the  graduation  of  the  scale, 
or  when  the  height  of  the  mercurial  column  has  been  noted  as 
affected  by  parallax. 

An  inaccuracy  of  \°  in  observing  the  dew  point  cauuot  possi- 

|f  give  rise  to  an  error  of  more  than  one  foot  in  2000.  Most 
the  other  sources  of  F:rror  in  e&timating  the  mean  hygrometric 
.te  of  the  air  will  be  similar  to  those  occurring  in  ascertaining 

le  mean  temperature.     Whatever  the  possible  state  of  the 

mosphei'e  as  to  humidity,  provided  we  add  to  the  mean  of  the 
i&tached  thermometers,   half  the  correction   for  saturated  air 

ider  the  pressure  of  ^0  inches,  the  error  in  altitude  will  not 

;ceed  -j-futtj  but  more  generally  it  must  fall  short  of  half  that 
[uantity. 

Were  we  in  possession  of  a  sufficient  number  of  barometrical 
observations  made  at  the  foot  and  summit  of  isolated  mountains, 
carefully  levelled,  together  witli  the  true  mean  temperatures  and 
dew  pomts  of  the  intercepted  strata  of  the  atmosphere,  we  could 
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H      ■*  This  is  only  an  approninintior 
K'ltitutB  tbe  meui-^ai^^  preeitues. 


\  foe  the  half  sum  uf  the  preKutes  wc  should  wib- 


easily  determine  W  calculation  the  coefficients  for  dry  air  at 
different  degrees  of  the  thermometer.  Subjoined  are  the  coeffi- 
cients for  ^r  in  a  mean  state  of  saturation  as  deduced  fi-om  the 
barometrical  observations  of  Shuckburgh^  -^^y^  ^^4  Qainond. 

*      Ramood.  Shuckbuigh  ami  Raj. 

Air  32''  Coefficient  60345 60000 

62    -. 63027  ..62922 

60  64100  ., 64091 

72  .. 66709  .• 66844 

I  have  the  I^onour  to  be^  Gentlemen, 
Your  most  obedient  humble  servant, 

Le^dSf  May  10, 18SA.  J.  NlXON« 

Eijcplanation  of  the  Tnbl^^ 

Table  I. — ^The  degrees  affixed  to  the  dew-points  being  the 
equations  for  saturated  air  under  a  pressure  of  25  inches  muUu 
pneii  by  26,  the  equations  for  the  dew-points  at  the  two  stations 
are  found  by  dividing  the  degrees  given  in  the  table  by  the 
observed  pressures  in  inches,  and  adding  the  sum  of  the  two 
equations  to  that  of  the  detached  thermometers,  which  call  the 
corrected  sum  of  the  thermometers. 

Example. 

IPxtmatt,  Air.      Dew-point, 

Upper  Station.  27-6  in.  ..  82-2  ..  70.  Eq.=  162-*.27-5=6-5 
Lower  ditto  ••  29*8        ..84-0   ..  70      152-*-29-8=:6-l 

Sum  of  thermometers,  •••166*2  gum  10*6 

Equation  for  moisture ....    10*6 

Corrected  sum  of  therms.  .176*8 

Table  VI. — ^When  the  observations  have  been  made  without 
hygrometer^  the  equations  given  in  this  table  must  be  added  to 
the  sum  of  the  detached  thermometers. 

Example. 

(Chimborazo)  Upper  station 99*  i° 

(Pacific  Ocean)  Lower  station 77*5 

Sum  of  th^^mometenf • . »  1P6*6 

Equation*  •  r^ •  • .  •  • • .  •      2*9 

■  ■-.'■ji.'"    '=. 
Correcteji  suo^.  of  thermometers.  • , ,  •  109^ 

The  tabulated  equations  (calculated  for  half  saturated  air)  may 
be  modiBed  according  to  the  estimated  djegrep  pf  §8ttuj^tion. 


1^6  J  JBtfiiflBfa^fii^^if/ J^^  IfTS 

Table  V  contains  the  logarithms  (exclu«ive  of  the  iji^^x  4) 
of  the  coefficients  for  dry  air  at  different  degrees  and  quarters 
of  a  degree  of  the  sum  of  the  detached  thermometers,  including 
an- exact  correction  for  the  diminished  specific  gravity  of  the 
mercury  in  the  vertical  line. 

Rule. — 1.  Affix  to  the  observed  heights  of  the  barometers  at 
the  two  stations  the  corresponding  tabular  logarithms  (rejecting 
indices),  which  consider  as  natural  numbers,  and  make  the  first 
four  figures  to  the  Jeft  h^nd  whole  nviinbers,  and  the  remainder 
decimals.  2.  Find  the  difference  of  these  two  numbers,  gene- 
rally termed  the  logarithmic  difference,  3.  Take  out  the  loga- 
rithm of  that  difference  (still  avoiding  indices),  and  prefix  to  it 
with  an  intervening  decimal  point,  the  number  expressive  of  the 
quantity  of  whole  numbers  contained  in  the  logarithmic  differ- 
ence. 4.  Add  to  this  logarithm  and  index  of  whole  numbers 
the  logarithm  of  the  coefficient  for  the  corrected  sum  of  the 
thermometers  precisely  as  given  in  the  table.  4.  Find  the  natu- 
ral number  of  the  product,  exclusive  of  the  index^  which  vrtll  be 
the  altitude  in  feet,  consisting  pf  the  quantity  of  whple  nvimbers 

denoted  by  the  index  in  the  product. 

'  .  ■ 

Example,' 

Pressures. 

Pacific  Ocean  29-878Hn.     Log.4753-63 
Chimborazo     14-8296  1711-30 

Log.  of  3042-23  (prefix.  4) =4-483 192 
Log.  coefficient  of  the  cor.  sum  of  therms.  . .  109*5    0-799899 1 
-  217/ 

.Log.  6-283308 

1 

Natural  number  of  283308  (the  \vhole  numbers 

being  five) 19200-0 

Correction  for  the  diminished  speci^p  gravity  of .  - 

the  air,  sufficiently  explained  in  the  Table  (IV)  +         1 7*7 

Correction  for  latitude  2°,  Table  III.  +    ....         64-4 

Altitude  of  Chimborazo .,..•,.  19272*1  feet. 

The  calculation  is  effected  w^th   the  pressures  reduced  to 
32°  F.     The  observations  vf^fe,  , 

Pacific  Ocean  30-00p5ipL,  (77-6)*  J,og.4771-29 
Chimborazo. .  14-8636      (60-0)  1718-32 

Diff.  of  attached  therms^  27-6  3062-87  Log.=:4-484723 

Log.  of  coefficient    0-8001 16 


r 


.    5-284839 


CorreiBponding  natural  number  .•.•••..••  19268*1 
Correction  for  ,3^5  k  2*45  feet?  (T&le^  il)l      67*4 


■  ^irfii 


•.••;•'  '(. ,fY  ■  y.  ,  w  i'  ,.i.  *  ::v        ...;'.•■.■. ■^' .10200* 7i'ifeet#- 

M. ■  ■  !    !  H-;  .  .  'Vc    :  '■.■=.   ...  •'■ 

flbarcely  differmg  tfaree-fourtbs  oTa  foai  froiii:>4;he  ti^ecedkig 
f i^id  mrthod  6f  calculation.  Had  tf)e  th^mom^ers  p^en  gra- 
duated if.  proposed,  we  should  have  hadr.I         i-.-:.  /     '? 

.'pacific  Oc^an  • .  • .  •  .*••»•••••  ^ •  ^  l^'O    i-  . 

*Chimborazo  j *•.<..  .i. ..  .'v . .  1^-Q    ■-       •  V 

./'  /,t^  •■'       ■  ^'         - '*       ''*  -■■'  '■  - 

'■•'  .J  .■> 

•v  Correction  subtractive .  •.•••••.•••     77;0  fefet. 

|[  Two  ii(Ore  eXatopleji  are  subjoined  ^        ,'  *       !;■    * 

■.i>u  '    .  '■-       ■  No.!.  •■■  '''    \   ■'-'• 

'"'.l^...  Air,   Dew-pt.  Fttnuies. 

*FartThcurnJx)u.  •,  (84*^)  84*0:  70  .2^:796 i^t  Irti-  474M3 
Sugar-loajThiil . . . .  (82.2)    82-2    70,  .5R^27c,:i,  .v,.r;  j^ 

Diff.  of  att.  therms.  1*8 1 166-2  3*636366 =I-og.  of ,  3.43-84 
ficftia: fcr  moisture  10-6     ^  0-B55296 "  CoWk  IW^ 

Cor.  sum  of  therms.  i76|.       4:364661  Log.  of  2315-5 

Correction  for  attached  thermometf  c%    ^4*7 


r     I 


■2310-8 
Correction  for  latitude  8**  ..........  | ;+  6-3 

...  -iW  1 

1^317-1 
Fort  Thornton  above  the  sea ^^  191-5 

Altitude  of  Sugar-loaf  bill 2508-6  ft. 

No.  II. 

Pteksiuek.-       ■ 

MalhamTam.. (60>        60      29-223  in.      Lo^l  4667-25 

Great-close  hillf....  (55)        66      28-903  ^'4609-43 

Diff.  of  att.  therms, . .      5        115      2-679610    Log.  <tf     47-82 

Equation  for  moisture  3^    0*803878    Coeff.bfai8;i- 

: :      .        I-:.-' 

118^    3-483488  Log.  of  i,$p4-4 


<•    • 


Correctio^n  for  attached  thermometers    12-51    ^Tlio  « 
Correction. for  latitude  54  ..... ... . .      0*3j    ^Ht 


^'' ^f&H 


•    •ei  .    i     *    *.    *•   * 


•6 
,,fv^igQn^«trici|lia|Uitudj^  of  Cirpa*,clo«€!h^l^|U;fjlEa6?ani^. 

t  A  .coiMl  Mlof  Cksdile  liiiustoDe  onctlikd  nule  to  tbt^M^MBtirfttti^ttiu 


I 


1«3&] 


U&Uuremwi  &f  ^^ht9. 
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Tablb  I. — Correction  for  Moisture. 


Dewpomt. 


Oo.... 
9 


4 
7 

10 
13 
16 
IS 
21 
24 
27 
28 
29 
50 
81 


•  •  •  • 


9  •  •  • 


no 
i« 

13 

15 

17 

19 
21 
23 
26 
29 
32 
33 
35 
36 
37 


Dew  point. 
S20.... 
321  •  •  •  • 

34  .... 

3d  . . • • 

36  .... 

Of  .  .  •  • 

oo  • . • • 
o"  .... 

40 

41  .... 

42  .... 
43 
44 
45 

46 


• .  * . 


390 

40 

42 

43 

45 

47 

48 

50 

52 

54 

56 

58 

60 

62 

65 


•  •  •  • 


Dew  point. 

470 
^1  •  •  •  • 

4S   .... 

4"  .... 

50  .... 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 

61 


Dew  point. 

Dewpdnt. 

670 

6«o....  1160 

770....  193 

70 

63  ....  120 

78  ....  200 

73 

64  ....  124 

79  ....  207 

75 

65  ....  128 

80  ....  213 

78 

66  ....  132 

81  ....  220 

81 

67  ....  137 

82  .....  228 

84 

68  ....  142 

.83  ....  235 

87 

69  ....  147 

*4  ....  243 

90 

70  ....  152 

85  ....  251 

93 

71  ....  157 

<(6  ....  250 

97 

72  ..:.  163 

87  ....  268 

100 

73  ....  168 

88  ....  276 

104 

74  ....  174 

oV  •  • . .  XBv 

108 

75  ...  180 

90  ....  295 

112 

76  ....  186 

91  ....  305 

t       « 

Rule. — Divide  the  degrees  affixed  to  the  dew  jpO&ft'  by  the 
observ.ed  pressure  in  inches.  •       *  v*:*  '    r 

Tablb  II. — Value  in  Feet  of  l^  of  Difference  of  tia  atiaclied 
Thermometers  at  different  Temperatures  of  the  Air. 


Sum  of  detached  Thermometera.       .  . 

4^ 2- 18  feet. 


14 

24 

34 

44 

54 

64 

74 

84 

94 

104 

114 

124 

134 

144 

154 

164 

174 

184 

194 


..♦=?■ 


k'. 


4t 


2-21 

^m 

2-26 

2-29 

2^1 

2;34 

2-87 

2-39 

2-42 

2'44.f.'!  ii 

2-47'."  :■ 

2-50 

2-62 

2-55-  >•>- 

2-57 

•60 

6^ 

2-68 


'.U^ 


Ruk.—Mt3iiip]y  the  feel^  iii  Wur  ^eotA^xii«mW%fHm^Iiffef. 
eace  of  the  attached  thermometers,  and  ^eduft  f^f^^ffOl^uctt 
when  the  temperature  of  the  upper  barometer  is  itifehor  to  tho 
other^from  the  difference  of  level,  oraltitude/  *         =  "        •'^'' 

^ew  Series,  vol.  x.  N 


Ifc-MbMi  «■  tu  Tkarni  tftlu 


Ipuro. 


Tasle  III.— Cow«(ioB/(w:  Latitude. 


Ad    in 

Altitude  in  feet. 

Subtraci 

ladludt. 

lODO 

-JOOO 

SODO 

4000 

5000 

t»UO 

7000 

S000  9000 

10000 

IIOOO 

12000 

inlal. 

Fret. 

S-£i 

5-T 

8-h 

113 

14-S 

l1-(\ 

IS  9 

ii-1 

S5-5 

as-4 

31-9 

34-0 

S'6 

6'T 

8-5 

11'8 

14-a 

17 '0 

lfl-8 

B8-6 

95-5 

is-a 

81-1 

34-0 

88 

8-8 

5'6 

«-4 

11-3 

14-0 

lfi-9 

m-1 

8B5 

85-3 

SO-9 

33-7 

86 

S-A 

5-fi 

jJS 

11-1 

I3'9 

187 

19-4 

jg.g 

95-0 

97 -s 

SO-B 

33 -3 

84 

S'T 

fl'S 

&"i 

I0'9 

i.Sfl 

16-4 

19-1 

ai-8 

!4-5 

87-3 

300 

32-7 

89 

10 

«■? 

5-3 

S-0 

10-7 

13-3 

16-0 

lfi-7 

81 '3 

34 -0 

86-7 

a8'3 

32-0 

80 

18 

2-6 

5-2 

1-a 

10'4 

130 

15ft 

la-i 

90'7 

B3-3 

86-9 

28-5 

3I'I 

78 

U 

2-5 

6-0 

T-3 

lO'O 

|9j 

15-0 

n-5 

aoo 

^■i 

25-1 

27-6 

30-1 

76 

]ti 

a-4 

1-8 

7-9 

fl-6 

12'0 

14-4 

1^-8 

10-a 

31-7 

94-1 

28-5 

98'9 

74 

)8 

9-i 

4-6 

e.9 

D-9 

11-5 

13-8 

mi 

18-4 

90-T 

a3-o 

SS-9 

97-3 

9Hi 

4-3 

6-5 

8-7 

10-9 

13-0 

15-9 

I7'4 

19-1} 

SJl-T 

33-9 

261 

70 

HS 

*6 

41 

6-1 

^■3 

lO-S 

13-4 

14-3 

16-3 

l«-4 

eo'4 

22-4 

94-,^ 

2* 

1-9 

3H 

ST 

T6 

9-& 

If4 

133 

ij-a 

ITl 

ig-o 

80-9 

89  8 

6ti 

S« 

n 

*5 

5-3 

7-0 

8-S 

10-5 

le-a 

14-0 

iS-a 

17-S 

10-3 

21-0 

64 

es 

I'fi 

3-9 

4 -a 

6-3 

9-5 

19'T 

14-3 

I6-!I 

ITS 

19-0 

6-2 

30 

1'4 

9-8 

4'3 

b-J 

7-1 

S-b 

9-y 

11-4 

12-8 

H-S 

15-6 

17-0 

60 

31 

?-7 

4-0 

5'3 

«7 

H-0 

9'3 

106 

19-0 

13-3 

14-6 

16-0 

59 

39 

t-9 

9-5 

37 

50 

fl-8 

1-b 

8-7 

10-0 

Ihfi 

19-4 

13-7 

14-9 

58 

3.'! 

J'8 

9-3 

3-5 

4-a 

3-8 

6-9 

8-1 

S-2 

lO'l 

11-5 

18T 

13'S 

37 

34 

11 

S-l 

3-9 

4-9 

5-3 

6'4 

8-5 

9-.^ 

10-6 

111 

ia-7 

36 

^5 

10 

a>9 

59 

4-9 

5-8 

6-S 

7-8 

&1 

9-7 

10-7 

11-6 

55 

36 

09 

1-8 

S-6 

3-5 

4-4 

5-3 

a-? 

7-0 

7  9 

9-7 

10-0 

34 

3T 

0-S 

1-6 

B'S 

3  1 

3'9 

4-7 

6-5 

6S 

7-0 

8-6 

94 

hi 

38 

0-1 

1-4 

2') 

2-7 

3-4 

41 

4'8 

5-5 

6-a 

fi-0 

T-5 

82 

59 

3» 

0-6 

1-8 

l-S 

3-4 

3-0 

3-5 

4-7 

5-3 

5-9 

8-5 

51 

40 

fl'3 

l-O 

1-5 

S-0 

9-5 

2-9 

3-4 

3-9 

4-4 

4-9 

S-4 

59 

50 

41 

0-4 

0'8 

l-S 

I'fi 

^■O 

9-4 

28 

S-2 

3-6 

4-0 

4-3 

4-7 

49 

48 

0-3 

0-6 

O'fl 

1-2 

1-5 

1-8 

31 

8-4 

2-7 

S'O 

3-3 

S'G 

4S 

4S 

0-2 

0-4 

OB 

0-8 

i-0 

12 

1-4 

l'« 

1-e 

2'0 

9-4 

47 

44 

{)■! 

0-9 

0-3 

l)'4 

0-5 

o-l 

0-S 

o-O 

1-1 

I '3 

46 

Table  \y .—i/orfectkm  Jot  the  diminisked  Specific  Gravity  of' 
the  Air. 


AIIitiidaalwMtJieS«a. 

Altitude  above  (he  S«>. 

6000F. 

...     1-2  feet. 

13000  F.   .. 

. .      8-1  feet 

6000 

...     1-7 

14000       . . 

..      9-4 

7000 

...     2-3 

ISOOO       .. 

..     10-8 

8000 

...     31 

16000        . . 

. .     12-3 

9000 

...     3-9 

17000        .. 

..     13-8 

10000 

...     4-8 

18000       .. 

..    15-6 

11000 

...    6-8 

19000       .. 

..     17-3 

12000 

...     6-9 

20000       .. 

. .  .19-2 

Rule. — ^Eater  the  Table  witli  the  altitudes  above  the  sea  of 
the  upper  and  lower  statious,  and  add  the  difference  of  ^e 
conespoAding  correctioaq  to  the  altitude,  ordifibreace  of  level, 


1  nS^f  Barometrical  Meamrement  tff  Heights. 
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Table  V.— jDtv  Air.  Logarithms  of  the  Multipliers  of  the 
Logarithmic  Differences  {including  the  Correction  for  the  dirni^ 
nished  Specific  Gravity  of  the  Mercury.) 


Sum  01 
therms. 


if 


»<" 


1 

•  2 
S 
4 
5 
6 
7 
8 
9 
JO 
11 
12 
13 
14 
J5 
16 
17 
18 
19 
30 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
Ai 

'4d 

50 
51 
52 
53 


0-74989!? 
0*76037« 
0*750864 
0-751348 
0*7^1839 
0-752317 
0*7.$V80Q 
0*753282 
0*753764 
0*754246 
0-754727 
0-7.'^  5207 
0-755687 
10-756167 
•756646 
0-757 124 
0-767602 
0-758079 
0-758566 
0-759032 
0-759508 
0*759983 
0-760458 
0*700932 
0-761406 
0-761879 
0-762351 
0-762823 
0-763295 
0-763766 
0-764237 
0-764707 
0-765177 
0*765646 
0-766114 
0-766582 
0-767050 
0-767517 
0-767983 
0-768449 
0-7  6891 5 
0-769380 
0-769845 
0-770809 
0-770772 
0-771235 
0  77169^ 
0^^2160 
0^726221 
0-17^0#9 
0-773543 
0-774003 
0-774463 
p-774922 


So —121 
—242 
}  —363 


i<5— 120 
i  —240 
J  ~^60 


i^— 119 

lT-238i 
J  —357 


Sum  of 

therms. 


\  —236! 
\  —354 


i^— 117 
—234 
i  — 350i 


r— 116 

i  —232 
i  —347 


JO— 115 
4—230 
4  -.r344 


540 
55 
56 
67 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
.85 
86 
87 
88 
89 
90: 
91 
92 
03 
9* 
95 
96 
97 
98 
99 
100 
101 
UB 
108 
104 
105 
106 
107 


0*775381 
0-77$839 
6-776297 
0-776754 
0-777211 
0-777667 
0-778123 
0-778578 
0*779033 
0-779488 
0*779941 
0780394 
0-780847 
0*781299 
0-781751 
0-782203 
0-782654 
0-783104 
0783554 
0-184004 
0-784453 
0-784902 
0-785350 
0-785798 
0-786246 
0-786693 
0-787139 
0-787585 
0-788031 
0-788476 
0-788920 
0-789364 
0-789808 
0-790251 
0-790694 
0-791136 
0-79157^ 
0-792019 
0-792460 
0-792901 
0-793341 
0-793781 
0-794220 
0-704658 
0-795096 
0-795635 
0-795972 
0-7964O9 

0? 

0- 

0-798153 

0-798587 

0t799Q21 

n2 


JO— 114 
I  —228 
I  —341 


JO— lis 
i  —226 
I  —338 


F— 112 
I  —224 
I  —336 


JO- 1 1 1 
'}  —222 

i  —333 


JO— 110 
4  —220 

g-331 


i  —218 
I  ^328 


Sum  of 
therms. 


JO— 106    161 


IO80 

109 

110 

111 

112 

113 

114 
115 
116 
117 
118 
119 
120 
121 
)22 
123 
)24 
125 
126 
127 
128 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 

141 
142 
143 
144 
145 
146 

147 

148 

149 

150 

151. 

152 

153 

154 

153 

156 

W 

158 
159 
160 


0-799455 
0-799869 
0-800322 

0-800755 
0-801187 
0-801619 
6-802050 
0-802481 
0-80291 1 
0-803341 

O-8O377I 
O-8O420O 
0-804629 
0-805057 
0-805485 
0-805913 
0-806339 
0-806767 
0-807193 
'0-807618 
0-808043 
0-808469 
0-808893 
0-809317 
0-809742 
0-810165 
0-810587 
0-811010 
0-811432 
0-811854 
0*812275 
0-812696 
0-813117 
0-813536 
0-813956 
0-814375 
0814794 
0-815213 
0-815631 
0*816(H8 
0-8 16465 
0-816883 
0-817299 
0-817715 
0-818131 
0-818546 
0818961 
0-810S75 
Q-8U)789 
0-8S|QaOS 
0-620616 
0-821099 
0-821442 
0*321854 


40—217 
i  —325 


JO— 107 
4  -215 

I  —822 


JO— 107 
4  —213 

J  —320 


JO— 106 
4  —212 

i   r-317 


J«>— 105 
4  —210 
i  —316 


jo_104 
4  —208 
I  —313 


J«— 108 


180 


1  B&zeiius  on  Hydraeidi* 


CS«w. 


J — -^ 


*''Vil'  m^j^i  <■  I ■■!.«:•■ 


Sum  of 
therm*. 


165 
166 
YG7 
1A9 

170 
Itl 
172 
173 
174 


0«822«66 
0«8«S677 
0-8SS088 
0'8*23498 
0»82390« 

0*8^4728 
0-8S51S7 
0825545 
0'8V5953 
0^a')6i 
0*826769 
0-827176 


—205 
li-S08 


^0—102 
i_204 
^  —306 


Sum  of 
thenns* 


1750 

176 

177 

178 

179 

180 

181 

182 

183 

164 

185 

186 

187 


0-82758S 

0*827989 

0*828395 

0*828800 

0-8?9t>05 

0-829610 

0-8S0015 

0*830419 

0*8.10822 

0-831226 

0*831629 

0-832031 

0*832433 


jo— 101 
l|  —303 


JO— 100 


Sum  of 

thenqs. 


I880 

189 

190 

191 

199 

19.^ 

194 

195 

196 

197 

19S 

199 

200 


■,v  .  ■    u 


0*632895 

0-63323(1^^ 

0*833637 

0*834636 

0-8a4§98 


0-8S56St  i»— T0& 
0^83(^3^  f '^199 

0*8368a2 
0-8S7230 
O'SitBJfe 


*/•.- 


iii   \">  1 


.1, 


!  i 


V- 


:«s'-<j.j-..-. 


Table  VT. — Mean  Correction  for  Moisture. 


^<amclf 
therms* 
O^to  90..,. 

10      19  .... 
CO      «T  ,... 

5n  3« '   • .  •  • 

36  40 

41  46 

47  52 

M  56 

57  60  ■  •  •  • 

61  66  .... 

67  70  .... 

71  74  .... 

75  76 

77  80 

81  84 

85  86 

HI  88 


a  •  a  • 

a  •  a  a 

a  •  •  • 

•  a  .  • 


•  •  a  • 


Add. 
0*40 
05 
06 
0*7 
0-8 
09 
1-0 
M 

2 

•3 

'4 

5 

6 

7 

8 


I  Sum  of 


therms. 

390  to90o..,. 


1*9 
2*0 


91 

95 

97 

99 

102 

104 

106 

108 

110 

112 

114 

116 

1)8 

120 

122 

124 


94 

96 

98 

100 


Sumof 
Add.  therms. 
210  1260,... 
2*2    128  a . . . 
2*3    130  .... 
2'4    132  .... 
2-5    134  .... 
2*6    136  .... 
2*7    138  a... 
2*8    140  .... 
2-9    142  .... 
SO    144  .... 
3*1    146  .... 
32    148  .... 
3*3    160  .... 

3*5    152 

3-6    154  ... 
3' (,-  4o6  >  a  • . 


3*9 


158 


Add. 
4*00 
41 
4*2 
4*4 
4*6 
4*7 
4*9 
5*0 
5-2 
5-4 
5*6 
&*8 
6*0 
6-2 
6*4 
6*7 
6*9  I 


:t  : .  t 


Sun  of  ^  - 
thenns.     'Add^ 
I6O0...,,  7'J? 

168  ....    i:l.^ 
170  ....    ,^'3'^ 

174..»:a,v.]6?^"--..- 

176  ...4    9-a  V 

178  .....;>s; 

IW  ...i  *  9*6      - 

I8«    ....     Mhl     ;    , 

184 4Q.4    .. 

186  ....'  10.'8 


Article  III. 
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On  Uydracidsy  and  their  Combinations  with  Saline  Ba^s^j  \ 

By  Dr.  J.  Berzelius.* 

By  the  term  hydracid,  we  understand  a  combiu^fion  of  a 
nimple  or  compound  body  with  hydrogen,  which/  altbongbdes- 
titute  of  oxy^eii,  possesses  all  the  essential  characters  of  the 
oxygenous  acids.  Hydracids  must  be  regarded^  >tberafore^  as 
oonstituted  of  hydrogen  and  a  peculiar  radical,  ^'j^faicby'.^  ig.^be 
case  with  (he  oxygen  acids,  mfty  be  either  simple  .or  oompoBnd. 
In  cjonsequence  of  this  dissimilarity,  they  naturally  klivide  them- 


I. 
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8olvoQ  ifito  two  oUsfleSy  viz,  acids  with  a  simple^  and  acids  with  a 
cormouM  radicild.  r    »   • 

Tothe /^rs^  of  these  classes  belong:  1.  Sulphuretted  hydttfgtn 
gtm'g-i^i&iikm^dted  hydrogen  gas :  3^  Telluretiedhydrjogeiigds: 
Ai'^lyS'&^t&nt  add :  and  5.  Hydriodic  acid :  chlorine  mad  imine 
being  r^^^^ti()j^(i  as  jdmple  substances.  My  princi|mt  i^umetits 
againsti^^lDew  theory  of  the  constitution  of  muriatic  jpioid  were 
f odnded  "iU^l^ii  the  little  analogy  which  subsisted  between  il;^and 
i^.^jl^bihi^ptiSy  and  the  liydracids  and  their  saltsy  itt^  £ro  fkr  as 
tlieriatfear/iH^CQ.known  at  the  time  of  its  first  promul^a^on.  H'he 
slrtli^D^fMt^scovery,  however^  of  manjr  hydracids>  4tnd  in  par- 
ticular <jf^:{hx>se  witii  a  compound  radical,  has  dei^eloped  the 
analogy  J^etvi^n  muriatic  acid  and  the  hydracids  ^b  cx)it^let^ly, 
that  these  objections  can  no  longer  be  considered  as  vatid.  - 

To  the  latter  dass  ;  namely,  hydracids  with  a  compound  radi- 
cal, belong:  1.  Prussia  acid (cyanuretted hydrogen);  2.  Sulpho-^ 
prussic  acid^  (sulphuretted  cyanogen  combined  with  hydrogen) ; 
3.  Rrtoprussic  acid  (a  combination  of  cyanuretted  iroa  with 
cyanjitetted  iiydrogen) ;  and  to  these  may  be  added,  4.  Another 
compound  Wt  so  accurately  known,  whose  constituents, 
alfhdtijgh  di^rently  proportioned,  are  also  cyanogen  and 
sulpliur. 

Sulphopriisaic  acid  may  be  obtained  by  mixing  a  solution  of 
sulphdicyanui^t  of  potassium  in  a  minimum  of  water  with  con- 
centrated phosphoric  acid,  and  distilling  in  a  retort  with  a  gen- 
tle £eat.  Tl^  hydracid  is  volatilized,  and  condenses  in  the 
receiv<N*.  The  pbtassium  in  this  experiment,  in  prder  to  com- 
bine'V)^;th  the  pnosphoric  acid,  oxidizes  itself  at  the  expence  of 
water,  and  the  hydrogen  thus  set  at  liberty  unites  at  the  same 
instant  with  the  sulphuretted  cyanogen. 

Sulpkoprussic  acid  is  so  constituted>  that  its  elements,  if 
reduced  to  the  gaseous  state,  would  all  occupy  the  same  volume ; 
or  it  is  composed  by  weight  of  hydrogen  1*68,  azote  23'85,  car- 
bon 20*30,  and  sulpnur  54*17.  Its  saturating  capacity,  as  is  the 
case  with  all  hydracids,  is  such,  that  it  combines  with  a  quantity 
of  a  base  whose  oxygen  is  exactly  sufficient  to  convert  its  hydro- 
gen, ipto^  w^ter^ 

The   radical   of  this  -acid,  sulphuretted  cyanogen ^    has  not 

hitherto  been  isolated,  and  is  known  only  in  the  compounds 

.which  j<3|Qrma  with  hydrogen  or  with  metals.  Whe;n  wi^.attwipt 

tofotNiatnLit  by  distilling  a  sulphuretted  m€ftiBilli^.,cy|iniiirej^;it 

.  alwftysiwdi^goes  decomposition :  a  metallic  s^Ip)l^ret  qojcijtain- 

kig>it>nM^inutoirCtC;  S4i}phur  jj^ffiainsy^^^  .^9^  x^bpp^ 

^WJOgjePiiwidaaot^aiie  disengaged 4/.   .  >^.   ,;  .»  ,  r .  . 

::f  Bvfl^cyanii^gsn j^ial^ll^^s.  f^Uo  with^ft  4o\^bl^,propqrtipi;i,pf  si^^ 

pbur;':>ted  fortn9  a  hisulphur^t,  whichi  ijp,  MiiioivwUh  hy4^^^ 

affords  a  hydracid,  differing  in  composition  from  the  foregoing, 

and  oap^e,  rhk«  it«  f>^  q^mbinio^ ,  with  metals.    This  new  acid 
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was  diflcoyeted  by  Wohler.  H^  found  that  vben  fiulphuretted 
cyaHuret  of  mercury  is  gently  ignited  in  a  glass  vessel  filled  with 
muriatic  facid  gas^  or  with  sulphuretted  hydrogen  gas^  there  is  depo- 
sited upon  the  colder  sides  of  the  vessel  a  quantity  of  anhychrous 
sulphuretted  prussic  acid  in  the  state  of  colourless  transparent 
dropl^^  which,  after  a  few  seconds,  become  solid,  and  form 
transjiarent,  stellular,  aggregated  groupes  of  crystals*  These 
crystals  rapidly  undergo  decomposition^  cyanogen  is  disengaged, 
and  a  pomegranate  yellow,  opaqtie,  uncrystalline  powder 
reniains.  This  powder  is  insoluble  in  water,  and  is  in  every 
respect  identical  with  the  precipitate  which  is  obtained  when 
liquid  sulphoprussic  acid  is  boiled  in  contact  with  the  atmo- 
spnere.  It  appears  to  be  composed  of  prussic  acid,  combined 
with  twice  tiie  proportion  of  sulphur  which  exists  in  sulpho- 
prussic acid.  That  it  is  a  hydrdcid,  and  dot  an  anhydrous 
combination  of  sulphur  and  cyanogen,  is  proved  by  the  circum- 
stance that  when  we  heat  it  with  potassium,  a  combination, 
accompanied  by  ignition,  ensues  between  the  two  substances, 
hydrogen  gas  is  evolved,  and  the  compound  which  remains 
consists  of  a  mixture  of  the  sulphuret  and  sulphocyanuret  of 
potassium. 

Combinations  of  Hydracids  with  Saline  Bases. 

A  full  exposition  of  the  nature  of  the  compounds  of  hydracids 
with  saline  oases  constitutes  a  most  essential  part  of  the  theory 
of  these  acids,  because  it  furnishes  the  only  means  by  which  all 
the  apparent  inconsistencies  can  be  reconciled.  In  attempting 
this  explanation,  two  different  views  present  themselves :  either 
the  hydracid  unites  without  decomposition  with  the  oxidated 
base,  or  its  hydrogen  decomposes  the  base,  while  the  radicals 
of  both  the  acid  and  base  enter  into  combination.  Of  these 
views  I  consider  the  latter  to  deserve  the  preference ;  for  if  a 
solution  of  a  salt  obtained  by  saturating  a  hydracid  with  an 
oxide  be  evaporated,  it  very  frequently  happens  that  there  crys- 
tallizes a  reduced  compound  of  the  radicals  of  the  acid  and  base, 
wholly  destitute  both  of  hydrogen  and  oxygen;  and  when  such 
crystals  contain  water,  that  is,  in  the  circumstances  in  which 
they  may  be  regarded  as  compounds  of  an  oxidated  base  with 
a  hydracid,  they  frequently  lose  it  in  vacuo  or  in  a  dry  atmo- 
sphere, and  effloresce  exactly  like  substances  which  lose  merely 
water  of  crystallization.  But  these  compounds  of  the  radicals 
of  hydracids  with  the  radicals  of  bases  resemble  so  intimately 
the  salts  which  are  fot-med  by  oxygen  acids  and  oxides,  that  they 
coincide  with  them  in  atf  theit  physical  properties,  as  taste^ 
a|iipearance,  solubility  in  water,  and  in  other  Hquids,  and  it 
ilrotdd  be  difficult,  without  offering  extretne  violence  to  natural 
aiififiifptaihitfto  claims  them  among  any  other  substanoed  except 
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I  vf  mercury  be  placed  in  contact  with  prassic  acid  gas,  the  latter 

I  is  absorbed  and  water  disengiiged,  white  the  product  is  cyanuret 

[  ct  mercury.    This  water  proceeds  from  the  hydrogen  of  the 

I  ^ussic  acid  and  the  oxygen  of  tlie  oxide  of  mercury,  neither  of 

I  wbich  enter  into  the  new  combination  i  but  this  compound,  for- 

I  itherly  called  prussiate  of  oxide  of  mercury,  possesses  so  close  a, 

I  wsemblance  to  the  salts  of  that  oxide,  in  appearance,  taste,  and 

I M  its  other  properties,  that  the  most  positive  evidence  to  the 

I  aontrary  would  be  requisite  in  order  to  convince  one  that  it  is 

I  t»t  a  salt  of  the  oxide  of  mercury.     I  have  myself  ascertained, 

1  that  if  the  ferroprussiate  of  potash,  that  is,  a  combination  of 

I -yrussic  acid  with  potash  and  oxidule  of  iron,  be  crystallized, 

llteere  results  a  compound,  coQtaining  precisL'ly  the  quantity  of 

I  Vsygen  and  hydrogen  whioh  would  be  necessary  to  convert  it 

IJDto  a  double  salt  of  pmssic  acid  with  oxidated  bases ;  but  that 

Ittese  cryetais  lose  the  whole  of  their  water  like  an  efflorescent 

2^Blt,  either  when  confined  in  vacuo  in  the  ordinary  temperature 

if  the  atmosphere,  or  when  exposed  to  dry  air  in  a  temperature 

letween  77°  and  86° ;  and  it  is  certainly  a  far  simpler  view  of 

is  phenomena  to  regard  this  water  as  existing  in  the  state  of 

sere  water  of  crystallization,  than  to  assume  that  efflorescence, 

■  which  can  result  only  from  the  expansive  force  of  water  already 

Bfcrmed,  should  have  occasioned  the  mutual  decomposition  of 

lite  base  and  acid.     Besides,  we  have  never  been  able  to  disco- 

r  any  other  difference  between   the  compounds  which   are 

igarded  as  salts  of  hydracids,  and  those  which  indisputably 

^ntaJn  no  other  ingredient  except  the  radicals  of  the  acids  and 

B,  than  that  which  subsists  between  salts  with  and  without 

«■  of  crystallization. 

»t  We  adopt,  therefore,  in  preference,  the  theory  thai  sails  con- 

Viniii^  a  hydradd  do  not  exist,   but  that  when  a  hydracid  ia 

_(fought  into  contact  with  an  oxidated  base,  the  hydrogen  of  the 

KfKid  combines  with  the  oxygen  of  the  base  and  forms  water, 

"rfiile,  at  the  same  instant,  the  radicals  of  both  unite  mutually 

D  their  reduced  condition,  and  the  product  is  a  substance  which 

mbles  so  closely  the  salts  of  the  oxidated  radical  of  the  base, 

^at  it  cannot  be  distinguished  from  them  in  any  of  its  physical 

Pjiharacters.     Hence,  when  sulphoprussic  acid,  which,  although 

irhoUy  destitute  of  oxygen,  possesses  a  strong  and  pure  acidity, 

is  mixed  with  carbonate  of  potash,  and  when  carbonic  acid  is 

tliereby  expelled  with  the  same  degree  of  effervescence  wliich 

fHMild  be  occasioned  by  the  addition  of  an  oxygen  acid,  the 

ieit^sii  is  decomposed  by  the  hydrogen  of  tiie  acid,  and  a  com- 

■nation  ensues  between  sulphuretted  cyanogen  and  potassiuui. 

f  the  mixture  was  suffloiently  concentrated,  it  crystallizes,  and 

i  crystals  contain  neithet  hydrogen  nor   oxygen,   but  only 

totassinm,  sulphur,  carbon, and  azote;  neverthetEss  theYveatui- 

'e  a.B»Jiaecoinpouad,  particulajly-  uiUe,  ao  ^etkiAVj  ,x.\ia.\.'CQ.fi 
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wgh^b0yr«ul%  mirix^Q  for  ihrjf8ta]ii*oClU«i5Mi^ 

dhibOfopiiMUtiomialw  pbce  wlroa.pQtaskor.aiklaiis  satuEafea^ 
'ihmudic  ^id^  and  itU  'the-  phenomeiUi'fmajr'  'be  r<eoinflB(fibndy 
etplaiaed  m  tk^  auppQiitioQ  that  cUoriaeiiia'abipfejMkiyiiSD 
mdaiiMmB  eease  to  maintain' the  -existeiice  dfiiywodhloflltod 
aaifts^ijilflidoaidmit  thatwhaft  we  kave.hitbaft0i8t9lw.inuriatQa';are 
oobflDiilattoas  oft  chlorine  "with  the.radioak^oriim^MiJt^NMBof^the 
«iatDr4:o£>liydracids  in  general  prcaoppoaea  that  dMae^ofuoriofbia* 
tio&a-mpafe'in  ieveiy respect  resemble  sklts^  v.  :  . '  >:i  U  ^•.rCJ[ 
i/Ehef  toid' properties  of  a  hydracid  oansiai:  tliece&oa*.iikA<it5 
dbaDBpi»2ii|f  basesy  and  not  in  saturating'theai;  lieiioeJitibUo»s 
thafcrniQhpFoperty  of  acidity,  neither,  betoagar to  the  liBiiiMtance 
itfld:^  obp  J^snlts  from  the  nature  of  its  eonstitutiooy  butmeittly 
indi6ales  a  ocmdition  opposed  to  the  property  of ;aikAiupaly*.^f  In 
the  case  of  bydracidsy  tnerefore, .  it  depends  at  the:  same  instant 
on  the  strong  affinity  which  subsists  between.. hvdix>giin  and 
oxygen,  and  between  the  radicals  of  the  acid  and  the  basisir^aQd 
this  is  the  reason  why  the  radical  of  a  hydracid  poasessies^frtW'Or 
none  of  the  characters  of  an  acid  substance^  because^  iiistiuuthle, 
unless  aided  by  hydrogen,  to  deoxidate  or  decompose! sthaaika- 
line  bases.  •>   .-  .  .  •.:  •>>■  •!;■;>:  .-inj  t. 

This,  reciprocal  alteration  in  the  elemehUury^oaatitUfbion  ,of 
the  acid  and  base,  takes  place  even  in  the  iconjiiinatioiifi- of 
ammonia  withbydracids.  Here>  the  amoKXiiais  conT«kted  itito 
ammoniun^  by  seizing  upon  the  fourth  atom  oflwdrogeniwhieh 
forms  one^f  the  constituents  of  the  acid,  and  this  lunoionium 
subseqnendy  .enters  into  combination  with  the  radical  of  the 
hydracidv  .  Cor  example,  when  muriatic  acid  gas  is  combined 
with  ammonia^  yielding  ihe  compound  which/  according  to  the 
old  theory;  was  regarded  as  muriate  of  ammonia  containing 
water:  o£  crystallization^  the  acid  undeivoes  decomposition,  the 
ammonia? combiues  with  its  hydrogen,  and  is  thereby  converted 
into  ammonium,  and  the  latter,  remaining  in  union  wirbr  the 
chlorine  of  the  muriatic  acid>  forms  with  it  chloride  of  ammo- 
niunu  When  ammoniacal  gas  is  mixed  with  chlorine,  a  portion 
of  it  is. decomposed,  the  azote  is  disengaged,  and  the  hydrogen, 
combining  with  another  portion  of  the  ammonia,  forms  ;wi&:it 
ammonium,  which  now.  unites  with  the  chlorine.  SalBromodiac 
is,  therefore^  a  chloride^of  ammonium  just  as  GommpniQaltia  a 
chloride  of  sodium.  '•     ■    ;:  jji'^cj 

Thid  resemblance  between  the  compounds  properi]^'' denfimi- 
nated  salts,  and  those  formed  by',  the  radicals  oif /Aydracidsuaond 
of  bases  is  so  complete,  thati(as;I  have  ahready  obsemedV^it^is 
impossible,  without  offeiin^  violence  to  ^eirexternal.characli^s, 
to  rqigard  them  as  belongingi  to  dissimilar  classes' itkfi bodies. 
NeveMidesB^in  a  theoretical«f|K)tntview>  there  is  a  vride  differ- 
ence betiieeitthe  compoimda  i»r;o»dated  acids ^andimsea^  and 
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}  UsSEe  of  combustible  bodies  without  nsygen  ;  and  it  may,  por- 

*  ^aps,  be  argued  from  this,  that  our  present  theory  supposes 

j   vrsngements  which  have  no  existeuce  in  reality.     Ii}ulong  has 

fitempted  t^  reconcile  this  inconsistency  by  regarding  all  acids 

(ffhich  contain  water  as  hydracids,     He  joins  the  ox^gea  of  the 

t  twater  to  theactd,  and  forms  with  the  radical  of  the  acid  and  its 

I  aoxygea  a  oompound  radical,  which,  in  union  with  the  hydrogen 

aif  the  water,  constitutes  thehydracid.  Thus  he  regards  hydrous 

•aolpburic  anid  a»  a  compound  of  hydrogen  with  a  radical  own- 

posed  of  an  atom  of  sulphur  and  four  atoms  of  oxygen  ;  tbut  is, 

I  Wontaioing  one-third  more  of  ox^ygen  than  is  considered  to  exist 

sulphuric  acid.    When  this  acid  combines  with  a  metal, 

I  ^apotassmm  for  example,  hydrogen  only  is  disengaged,  and  the 

1  '«otassium  combines  with  the  compound  radical  of  thehydracid. 

drhe  sulphate  of  potash  thus  formed  ought  to  be  regarded  as  a 

icoiupouud.  not  of  sulphuric  acid  and  potash,  but  of  potassium 

I  Isad  the  radical  of  the  hydracid  (that  is,  sulphur  with  the  whole 

I  tqnanttty  of  oxygen,  constituting  a  single   integrant  particle). 

I  iWhen  this  hydracid  is  placed  in  contact  with  potash,  the  alkali 

I    IB  reduced  by  the  hydrogen  of  the  acid,  water  is  formed,  and  the 

I  -Aotasainm  unites  with  the  compound  radical  of  the  acid.  Again, 

,  if  this  acid  be  mixed  with  ammonia,  no  trace  of  water  is  pro- 

jiuced,  but  the  hydrogen  unites  with  the  ammonia,  and  forms 

tammonium,  which  now  combined  with  the  radical  of  the  acid. 

|vNow  there  does  not  exist  a  single   neutral  aramoniacal  salt, 

which  does   not  contain  this  quantity  of  hydrogen;    that  is, 

|.  which,  according  to  the  commonly  received  tlieury,  does  uot 

"Contain  a  portion  of  chemically  combined  water,  whose  hydro- 

■  gen  corresponds  with  this  cjuantity.     This  explanation  ot  Bu- 

long's  is  unquestionably  entitled  to  considerable  praise ;  because 

'nt  re-estabhshes  the  harmony  in  the  doctrine  of  salts  which  had 

.  bben   disturbed  by  the  new  theory   respecting  the  natnre  of 

'mnnatic  acid,  and  indeed  to  a  still  more  general  extent,  by  the 

9])hienomena  accompanying  the  combinations  of  hydracids. 

-'     'She  combination  of  hydracids  wilh  saUnc  bases  gives  rise 

I  both  to  acid  and  subsalts.     The  acid  salts  are  produced  when 

.  th«  Mline  lookin:;  compounds  of  the  radicals  of  the  acid  and 

b&se  combine  with  i  new  quantity  of  the  hydracid,  the  i-esult  of 

n-tM«h  union  is  a  body  possessed  to  a  greater  or  less  cxteBt  of 

acid-properties.      Such  aie  the  ferruretted  pnissic  acid;  the 

compounds  styled  hydrosulphu retted  alkalies,  and  according  to 

the  new  theory  respecting  the  nature  of  muriatic  acid,  the.  acid 

"xsuriate  of  oxide  of  gold.     Hitherto,  however,  we  have  become 

.-luCqUaiiited  with  only  a  very  limited  number  of  these  acid  salts. 

I  ,?Tbe-  corapounds  containing  r.n   excess  of  base  are  much  less 

f  .-uiifretjuedt,  and  ihey  are  produced  when  the  neutral  compounds 

of  the  radicals  of  the  acid  and  base  unite  with  a  portion  of  the 

oxide  of  the  latter ,  the  result  being  a  sub^ait,  coinciding  iu  all 
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its  characteitt  witli  the  subsalts  which  the  tame  oxidated  basiB 
forms  with  the  Oxygen  acids.  The  acid  salis  may  be  regarded 
as  double  combinations  of  the  radical  of  the  acid  with  two  com^ 
biistible  bodies^  for  example^  ferroprassic  acid  is  a  douMe  oya^ 
nntet  of  iron  and  hydrogen :  the  subsalts  again  may  be  regarded 
as  doable  combinations  of  the  radical  of  the  base  with  oxygen 
and  with  the  radical  of  the  acid ;  for  example>  the  snbstance 
styled  subprUBsiate  of  mercury  is  a  combination  of  cyanuret  of 
mercury  with  oxide  of  mercury.  The  existence  of  these  subsalts 
appears  to  me  to  furnish  the  strongest  ai^ument  which,  io  the 
present  state  of  our  knowledge,  can  be  advanced  in  favour  of 
Dalong'«  theory  respecting  the  constitution  of  salts. 

From  what  I  have  now  stated  it  is  obvious  that  none  of  the 
compounds  which  have  hitherto  been  styled  prussiates,  contain 
either  prussic  acid  or  an  oxidated  basis,  but  that  they  consist 
of  cyanogen  and  the  radical  of  the  base  :  we  call  them,  there*^ 
fore,  cyanurets,  or  sometimes  metallic  cyanurets  (cyanurer  eller 
cyamnetaller).  This  view  enables  us  to  explain  why  a  solution 
of  the  cyanuret  of  potassium  possesses  such  little  permanency, 
and  why  its  taste  participates  simultaneously  both  of  potash  and 
of  prussic  acid.  All  substances  which  have  any  tendency  to 
combine  with  potash,  as,  for  example,  the  carbonic  acid  of  the 
atmosphere,  the  constituents  of  saliva,  Redetermine  the  form- 
ation of  that  alkali  by  oxidation  at  the  expence  of  water,  and 
prussic  acid  is  at  the  same  instant  disengaged. 

Neither  does  there  exist  a  class  of  salts  corresponding  with 
the  name  of  sulphoprussiates,  because  here  also,  as  we  have 
already  seen^  the  acid  is  decomposed  by  the  bases,  and  com- 
pounds are  formed,  which  for  the  present  may  be  styled  sulpfio* 
cyanurets  and  cyatiomlpkurets,  the  latter  appellation  being 
reserved  exclusively  for  those  compounds  which  contain  cyano- 
gen united  to  the  larger  proportion  of  sulphur. 


Article  IV. 

Notice  of  a  Meteonc  Stone  which  fell  at  Nanjemoyy  in  Maryland, 
North  America,  on  Feb.  10,  1825.  By  Dr.  Samuel  D.  Carver. 
In  a  Letter  to  Professor  Silliman.* 

I  TAKE  the  liberty  of  forwarding  you  a  notice  of  a  meteoric 
stone  which  fell  in  this  town  on  the  morning  of  Thursday, 
Feb.  10,  1825.  The  sky  was  rather  hazy,  and  the  wind  south- 
west. At  about  noon  the  people  of  the  town  and  of  the  adjacent 
cbiihtry  were  alarmed  by  an  explosion  of  some  body  in  the  air, 
which  was  succeeded  by  a  loud  whizzing  noise,  like  that  of  air 

**  f!roiii  the  American  Jouixial  of  Sde&ce  for  Junei  1825. 
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roftbing  through  a  smtfll  aperkire,  pasfifing  rapicHy  in  tins  ^coiivd^ 
frctm-  iKwth-west  to  south-east,  nearly  parallel  with  the  rif ef 
^P&tonKUy.  '•  Shortly  altef,  a  spot  of  ground  on  the  plantation  ci^ 
C3apt.  Wi  D.  Hamsoti>  surveyor  of  thi«  port,  was  forand  to  hftT^ 
beeir  reeeotly  broken*  and  on  examination  a  rough  ^tonfe  ofilii 
oblong  shape,  weighing  sixteen  pounds  and  seven  olin<^es>  waii 
found  about  eighteen  inches  under  the  surface*  Thegtdne, 
^hen  taken  from  the  ground,  about  half  an  hour  after  it  is  aNip^ 
pd8«d  to  have  fallen,  was  sensibly  warm,  attd  hstd  a  •stro^ 
0itlphiireou8  smelL  It  has  a  hard  vitreous  surface^  dhd  vAi&k 
broken  appears  composed  of  an  earthly  or  siliceous  matrrr,  of  A 
light  slate  colour,  containing  numerous  globules  of  various  mt^ 
very  hard,  and  of  a  brown  colour,  together  with  stnall  portions 
of  brownish  yellow  pyrites,  which  become  dark  coloiirt'd'oh 
being  reduced  to  powder.  I  have  procured  for  you  ^fragmekt* 
of  the  stone,  weighing  Jour  pounds  and  ten  oMces,  Which  wks 
all  I  could  obtain.  Various  notions  Were  entertained  by  thh 
people  in  the  neighbourhood  on  finding  the  storie.  Some  sop*- 
posed  it  propelled  from  a  quarry  eight  or  ten  miles  distant  on  the 
opposite  side  of  the  river;  while  others  thought  it  thrown  by  a 
mortar  from  a  packet  lying  at  anchor  in  the  river,  and  even  pro*- 
posed  manning  boats  to  take  vengeance  on  the  captain  andcreW 
of  the  vessel. 

I  have  conversed  with  mahy  persons  living  over  aii  e:jttent  of 
perhaps  fifty  miles  square;  some  heard  the  explosion,  while 
others  heard  only  the  subsequent  whizzing  noise  in  the  air*  All 
agree  in  stating  that  the  noise  appeared  directly  over  their 
heads.  One  gentlematt,  living  about  25  miles  from  the  place 
where  the  stone  fell,  says,  that  it  caused  his  whole  plantation  to 
shake,  which  many  supposed  to  be  the  effect  of  an  earthquake. 
I  cannot  learn  that  fire-ball  or  any  light  was  seen  in  the  heavens 
— all  are  confident  that  there  was  but  one  report,  and  no  peculiar 
smell  in  the  air  was  noticed.  1  herewith  transmit  the  statement 
of  Capt,  Harrison,  the  gentleman  on  whose  plantation  the  stone 
fell. 

Statement  of  IV,  D.Hdrrisonf  Esq. 

On  the  10th  of  Feb.  1825,  between  the  hours  of  twelve  and 
one  o'clock,  as  nearly  as  recollected,  I.  heard  an  explosion,  as  I 
supposed,  of  a  cannon,  but  somewhat  sharper.  1  immediately 
advanced  with  a  quick  step  about  twenty  paces,  when  my  atten- 
tion was  arrested  by  a  buzzing  noise,  resembling  that  of  a  hum- 
ming bee,  which  increased  to  a  much  louder  sound,  sometliing 
like  a  spinning-wheel,  or  a  chimney  on  fire,  and  seemed  directly 
over  my  head ;  and  in  a  short  time  I  heard  something  fall.    The 

*  This  specimen  is  not  yet  received. — jimer.  Ed. 


time  which  eMt^ed  from  my  first  hearing  the  es^Tosion,  to  the 
faliing,  migj|i|('^)itibris  been  fifteen  seconds,  '^t  l|^en  tifetot  with  some 
of  my  servflP^ts  to  find  where  it  had  fall^  W.t  did  i^ot  at  first 
succeed  (tho^igb^  as^I  afterwards  found,  £  had  got  as  near  as  30 
yards  to  tf^i^JEipo^);  ^owever,  after  a  shoiftiift^tval^  the  place  was 
found  by  ipy  copk,  who  had  (in  ithe  ptieie^ae  of  ^a  respectable 
white  woman)  dug  down  to  it  before  i  gottherei  and  a  stone 
was  disco^btfd'from  22  to  24  inches  under  the  surface,  and 
which,  afU^  Joeing  washed,  weighed  sizt^e^it  ppunds,  and  which 
was  no  dontet  the  one  which  I  had  he»rd-fauy  as;  the  mud  was 
thrown  indifRereut  directions  from  13  to  l^st^ps/  The  day  was 
perfectly  ^ear/ a  little  snow  was  then  on  tne  earth  in  some 
places  which  thaici  follen  the  night  previiOUB*  The  stone  when 
taken  up  had*  a  strong  sulphureous  smell ;  and  there  were  black 
streaks  iii-jthe  t)ay  which  appeared  marked  by  the  descent  of 
the  stone»<v  J^haye  conversed  with  gentlemen  in  different  direc- 
tions, sonl^*6f  th^m  from  18  to  20  miles  distant,  "who  heard  the 
noise  (no^V^e  ^explosion).  They  inform  me  that  it  appeared 
directly  oveii,their  heads.  There  was  no  lirerbaH  seen  by  me  or 
others  thai  T-have  heard.  There  waa  but  one  report,  and  but 
one  stone  !^U!to^9iy  knowledge,  and  there  wtis  no  peculiar  smell 
in  the  air<>/ J4;  tell  on  my  plantation,  within  .^^  yards  of  my 
house,  and  within  100  of  the  habitation  of  the  negroes. 

I  have  py^n  tl^is  statement  to  Dr.  Carvdr,  at  hts  request,  and 
which  is  a9;  JEull  as  I  could  give  at  this  distant  d^y,  from  having 
thought  bttt  litde  of  it  since.  Given  this  28th  day  of  April, 
1825.  W.D.Harrison, 

<.^'-  .     ,  Surveyor  of  the  portof  Nanjemoy,  Maryland. 

s/  '■.  ••  •       .    • 
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-'  Article  V, 

'.[.''    Astronomical  Observations^  1825. 
By  Col.  Beaufoy,  FRS. 

Busheif  Heathy  near  Stanmore. 

Lad^de  510  37'  44*5''  North.    Longitude  We9t  in  tune  V  20*93". 

Obfcrved  Transits  of  the  Moon  mod  MooiweiihniaBkmg  Stan  over  the  Middle  Wire  of 

the  Tran«i|  Instniment  in  SideruU  TifP«* 


-  ■  ^".'iV-.trl 


1895.        Stan.  Transits. 

July«6.-^Ophiu 17^  IT  21-10" 

26.— *Ophiu 17  15  46-«9 

86.— e«Ophiu 17  20  49-86 

26.— dOphiu 17  33  01-77 

26 Moon*sFintor  West  Limb....  17  47  29*56 

26.— yu«  Sagitt. 18  03  22*74 

S6«.^is4itt 1»  15  0108 


im3\     Qil,-S<m^'^iJiHmmKi4i>^iimiimf         m 

'■-■'■■■  ■''-■"  ■''^'1  'yt,_i3i  s»att ,:::■::'}. -i./'U'  w  »pwi9^-  viai 

('it  .?fit!:^,i  ->  ST*— an  Skf^t; ii^jjiuLu  l8..ASijJl*«IJf  i>^^^y^,. 

.-,      ■  27 -Si  SflgiK fS  '4(    «-B0 

•  hm.JJ'.i^  el:_M«m'tFireior\Vesil,l»ib...;-1'8    W -tPI'iB '<<-       'i- 

f-.'i.-.J^   i-    y-i,-.  ST.— (.S.igM....; ;,.'...^-.  U*  ,64-   IMI  :mV'    ^.'.^ 

li.it  ..-iyHhofe  a:— irB.ww ia  JgaJMoj^u.  kl 

''■-'-  ^«  .4?aiS-:::::::::::::::::::  \l  ^  m-^-^  ' 

iii,-f  iKj.u  9(if  sTi— i38S»giit j;..-..  u   «i''3»wfi  oil  eu 

.'.-■•:  v.-ij  9rfT  B>l.-f!  Sogitt. 1(1   'K.;**!,,!  nv.01 

■"  ■   "    '""-ffl_n6  3wtt 19  S6  ■w8,X"-^^''a 

.;=.:7/    Miole  ■M.^_,i8«giit..;,.. /.  »    W::4«IJB>(w  KSJC 

.*.,:(:  ,  i)W  siSa.— .•Sagid.  ^:......  19    W  -SMffliii;  .9: 

■-i-!;i<  :  -■arT9tl:e8._:|8Capric .....SO    ■ir''l^0a3li0)o  & 

■"-;  -v  .-.-!  oi1:88.-flC.prie ■,....►,.  ja.H.'  U-mnof.  .y-. 

--.-uin.-,    Ji    ^--'CBpcic ^  M  W^  ,,\. 

::  -.-  n99^s9._|3  tapric :.-......  »  »T-iSW»>     '1 

.-•tJ    bf,J    ,JiO(».-^  Capric ....89  WrSa-W,  ;    .^    , 

■;,ii  ■■■.■■-iiT.aW'— Moon'-if'inttocWntlinib....  W  34   mm., 

-•    '  •-:"^  IgB.— 3«6CMiric ..80  i\     («"»-         ■ 

■J,lt   U-    :Jlff/  i8._3gi  Aquarn ; Sfl  43    te-S* 

.esirSB.—Sjhqusiii SO  M    !tl-T3 

-K    r- I'i'wn  ^-'Aq"«" «•  <*  <"•■** 

"■  1     li     30.— UAquurii .21  06  SB-S4 

:'■'■■'■■■''•'■*».— IT  Aqoprii t\  IS  3fr33 

:  -:'.-i   :^  Tffl>aO_I9Aqnarii 81  15  6S«I 

..    in,.  jD.— VooH'tSecoad  ocEatlimb  ..  81  S6  S»-I4 

•  -,       SO.— .AqoHii 81  98  30-17 

■    -^   '^SO,— e'Capric SI  35  44-S8 

30.— e"  Captic 81  3T  00-43 

3D.— SOAqiuTii SI  54  08-8H 

30.— BAquwii..... S8  01  3048 

31.— e'  Capiic 81  35  44-58 

31.— c'Capiic SI  37  (MW3 

al.— 345  Aqauii 81  49  07-3S 

31.— SOAquaiii. 81  M  09-18 

31_8Aquwii 28  01  SO-tt 

31. — SAqnariL 23  07  40-00 

3L— Maon'sSeFondoiEutUmlt.  ..  88  13  5S-6S 

SI — leeAqnnii > .  <S  S8  45-ST 

31.— ISSAquuu :A  91  4913 

31.— 819  AqiUtti! SS  38  MM 
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Article  VI. 

On  the  Comparative  Advantages  of  Oil  and  Coal  Gas,  By 
Robert  Christison,  MD.  FRSE.  and  Edward  Turner,  MD. 
FRSE* 

The  (][ue6tion  of  the  relative  advantages  of  oil  and  coal  gas 
resolves  itself  into  two  :  the  first  regards  their  relative  economy ; 
the  second  their  comparative  utility. 

1.  Before  we  can  determine  their  relative  economy,  it  is  requi- 
site to  settle  their  average  quality.  Taking  their  specific 
gravity  as  the  ground  of  comparison,  we  apprehend  that,  in 
small  towns,  where  the  cannel  coal  can  be  had  at  a  low  price, 
coal  gas  companies  may  be  able  to  manufacture  a  gas  of  the 
density  of  700.  In  larger  cities,  such  as  Glasgow  and  Edinburgh, 
where  coal  of  every  kind  is  dearer,  and  the  cannel  coal  cannot 
easily  be  procured  in  sufficient  quantity,  the  average  specific 
gravity  of  the  gas  will  not  exceed  600.  And  in  such  a  town  as 
London,  where  the  cannel  coal  can  scarcely  be  procured  at  all, 
the  average  specific  gravity  will  not  exceed  450. 

The  average  specific  gravity  of  oil  gas  should  eventually  be 
the  same  every  where.  It  is  difficult  to  ascertain  what  the 
average  is  at  present,  as  made  by  large  establishments ;  but 
there  is  no  substantial  cause  why  it  should  fall  short  of  920.  We 
have  assigaed  strong  reasons,  however,  for  believing  that  it  must 
be  soon  improved  considerably.  This  improvement  indeed  may 
be  no  great  gain ;  for  the  question  will  then  occur,  whether  it 
can  be  effected  without  diminishing  the  quantity  of  gas  in  the 
same  proportion  with  its  increase  in  quality.  It  is  generally 
supposed,  that  an  improvement  in  the  quality  of  oil  gas  is  neces- 
sarily attended  by  a  loss  in  quantity  ;  but,  so  far  as  can  be  dis- 
covered, this  idea  rests  on  experiments  performed  by  operatives 
only,  whose  authority  we  are  satisfied,  from  repeated  observa« 
tion,  can  by  ao  means  be  relied  on.  If  charcoal  is  left  in  the 
retorts  at  the  end  of  each  eharge,  it  is  clear  that  the  gas  may  be 
improved  by  the  addition  of  all  this  charcoal,  without  any  dimi« 
nution  in  quantity ;  for,  if  it  be  added  to  the  light  carburetted 
hydrogen,  which  gives  little  light,  so  as  to  convert  it  into  the 
olefiant  gas,  which  is  powerfully  illuminating,  the  change,  it  is 
well  known,  will  take  place  without  any  alteration  in  volume. 
On  the  other  hand,  if  good  oil  gas  be  exposed  to  a  high  tem- 
perature, it  is  partly  decomposed,  and  deposits  some  of  its 
charcoal.  Part  of  the  olefiant  gas  becomes  light  carburetted 
.hydrogen,  and  without  any  increase  in  volume ;  for  the  volume 
is  not  increased  unless  it  is  resolved  into  charcoal  and  hydrogen. 

•  From  the  Edinbuigh  Philosophical  J<nunal. 
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Hence  a  bad  gats  may  be  made  from  oil>  which  shall  not  exceed 
in  quantity  the  good  gas  of  Taylor  and  Martineau.  And,  in 
point  of  fact,  we  have  several  times  found,  when  the  retorts  were 
choked  with  charcoal,  and  the  specific  gravity  of  the  gas  wa3 
only  660,  that  the  quantity  fell  short  of  100  cubic  feet  per  gallon, 
which  is  said  to  be  about  the  average  produce  when  the  g^s  is 
good.  When  oil  gas  has  a  specific  gravity  of  910,  charcoal  is 
still  found  in  the  retorts*  It  may  therefore  be  improved  by  the 
addition  of  all  this  charcoal,  and  still  retain  its  volume.  Besides 
it  may  be  possible  to  improve  it  by  the  addition  of  charcoal  from 
other  sources.  Hence,  while  we  at  present  assign  to  oil  gas 
the  average  specific  gravity  of  920,  we  cannot  help  anticipating 
a  considerable  improvement,  and  positive  gain. 

From  what. has  been  said  of  the  average  quality  of  coal  gas  ia 
different  quarters  of  the  kingdom,  it  is  clear  that  the  question  ^ 
its  economy,  compared  with  oil  gas,  can  be  only  answered  rela-* 
lively.  In  Edinburgh  and  Glasgow,  where  coal  is  moderately 
cheap,  and  coal  gas  of  good  quality,  oil  gas  must  b«  somewhiMt 
dearer ;  in  London,  where  the  coal  is  dear,  and  the  gas  bad,  oil 
gas  should  be  positively  cheaper ;  and  in  other  places  the  two 
will  be  nearly  the  same  in  price.  This  statement  is,  of  course, 
drawn  from  our  own  experiments  on  their  illuminating  power, 
coupled  with  the  well-Known  computations  of  Accum,  Peck* 
ston,  Ricardo,  and  others,  regarding  their  relative  cost. 

The  second  element  in  the  question  of  their  relative  advan- 
tages, is  their  comparative  utility.  It  is  certEun  that  whatever 
dinerence  may  exist  between  them  in  this  respect  must  be  in 
favour  of  oil  gas. 

In  the  first  place,  the  quality  of  the  light  is  superior.  It  is 
whiter,  and  has  a  peculiar  sparkling  appearance,  superior  to  that 
of  coal  gas.  It  is  therefore  a  more  beautiful  light,  fitter  for  the 
artificial  illumination  of  colours,  and  not  liable  to  give  the  human 
countenance  that  unpleasant  sallow  appearance  which  everyone 
has  observed  to  be  caused  by  coal  gas. 

An  objection  has  been  urged  to  the  employment  of  gas  in 
general,  that  it  has  a  disagreeable  odour.  This  objection  does 
not  apply  at  ail,  unless  the  gas  is  unconsamed ;  for  neither  oil 
nor  even  coal  gas,  so  far  at  least  as  our  observation  goes,  emit^ 
any  odour,  if  properly  burnt.  But  if  they  escape^  and  mix  with 
the  air,  llieir  presence  is  then  readily  detected-  by  the  sineH* 
The  odour  of  oil  gas  is  purely  empyreumatic,  but  quite  dietinet  ( 
we  have  possessed  occasional  specimens^  which  had  a  faint 
smell,  but  we  never  found  it  altogether  inodorous.  The  baei^iftil 
gas  appears  to  have  the  least  %melL '  The  odour  of'  coal  gas  is 
of  a  mixed  kind,  beine  in  part  empyreunHLtic  like  cnl  gas^  an4 
partly  of  an  exceediu^y  offensive  nature,  like  that  of  sulphuret- 
ted nydrogen.     In  l&dinburgh   coal  gas  we  have   generally 
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obtenred  the  empyreuma  alone ;  but  frequently  the  other  is  per- 
ceptible akOy  and  sometimes  it  prevails  to  an  insufferable 
d^ree* 

llie  most  serious  objection  to  coal  gas  arises  from  the  pre- 
sence of  impurities.  These  are,  a  black  matter  like  tar,  und 
compounds  of  sulphur, — all  derived  from  the  coal  itself,  and 
therefore  necessanly  present  originally  ia  every  description  of 
coal  gas.  Without  purification,  therefore,  coal  gas  could  scarcely 
be  used  at  all ;  and  it  becomes  a  question  of  importance  to  deter- 
mine, whether  or  not  the  noxious  ingredients  may  be  wholly 
removed  from  it.  The  greater  part  of  the  tar  is  deposited  at  the 
works  in  the  proper  vessels,  but  a  minute  portion  does  com* 
monly  pass  over  with  the  gas.  It  tends  to  clog  the  apertures  of 
the  burner,  and  of  course  soils  substances  upon  which  it  is  depo« 
sited.  In  common  shops,  where  a  free  current  of  air  is  pre- 
served, the  effect  is  hardly  noticed ;  but  we  suspect  that  a  part 
of  the  inconvenience  found  by  jewellers  to  attend  the  use  of  coal 
gas  arises  from  this  cause. 

Tlie  most  formidable  of  the  compounds  of  sulphur  present  in 
coal  gas  is  sulphuretted  hydrogen.  The  presence  of  this  gas  is 
hurtful  in  two  ways.  If  it  escape  unbumt,  it  offends  by  its 
insupportable  odour,  and  attacks  silver,  and  paint,  with  great 
readiness.  When  consumed,  it  forms  sulphurous  and  sulphuric 
acids,  which  may  injure  the  health,  if  haoitually  inspireo,  and 
act  chemically  on  various  substances,  as  on  iron  and  steel. 
Hence  the  necessity  of  removing  it  entirely  from  coal  gas.  On 
this  subject  two  important  questions  naturally  occur,  to  both  of 
which  we  can  give  a  decisive  answer.  1st,  Can  sulphuretted 
hydrogen  be  wholly  separated  from  coal  gas  1  and,  2dly,  when . 
it  is  removed,  Can  coal  gas  be  regarded  as  perfectly  free  of 
sulphur? 

We  are  satisfied  that  sulphuretted  hydrogen  may  be  wholly 
removed  ;  for  we  have  repeatedly  examined  the  Edmburgh  coal 
IS  by  the  most  delicate  tests,  without  detecting  a  trace  of  it. 
^f  course  we  do  not  vouch  that  it  is  always  equally  pure,  be- 
cause the  least  neglect,  on  the  part  of  the  workmen,  must  inevi- 
tably cause  some  sulphuretted  hydrogen  to  escape  into  the 
pipes.  It  is  equally  certain,  however,  tnat  coal  gas,  when  com- 
pleteiy  free  ot  sulpliuretted  hydrogen,  still  contains  sulphur. 
On  burning  a  small  jet  of  coal  gas,  free  from  sulphuretted  hydro- 

Sn^  so  as  to  collect  the  fluid  formed  during  the  conibustion, 
B  presence  of  sulphuric  acid  was.  uniformly  detected,,  deooon- 
stratiQg  the  existence  of  some  .compound  of  sulphur. .  Arhat 
that  coOkpound  is  has  not  yet  been  ascertained^  but  from 7 its 
peculiar  unpleasant  odour,  and  the  circumstances  under,  which 
It  is  geomt^d^  the  sulphur  is  mcsit  probably  in  wmhtaation 
with  carboQy  either  in  the  form  of  the  volatile  liquidi;  aulphuret 
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of  carbon,  as  Mr.  Brasde  coiijecturea,  or,  whittis  perhips  ntofe 
likely,  a»  a  gaseous  compound,  containiiig  a  less  pcoporliou/of 

sulphur  than  exists  in  that  liquid.  -  ... 

In  whatever  state  of  combination  the  sulphur  may  be,  itdoes 
not  a&ct  the  salts  of  lead  like  sulphuretted  hydrogen ;  nordoes 
it  act  8o  readily,  if  at  all,  on  polished  silver  and  gold.  Heoce 
the  gas  vrhich  contains  only  this  impurity,  will  be  fess  injurious,' 
when  any  of  it  escapes  unburnt,  than  such  as  contains  sulphur- 
etted hydrogen;  but  siuce  it  uniformly  yields  acid  vapoiirij 
during  its  combustion,  one  pait  of  the  objection  remains  in  &iU 
force. 

These  various  objections,  whatever  weight  they  may  have, 
apply  to  coal  gas  only. 


Artice^  VII.  ,     Ai  lo 

A-  Synomis  of  the  Genera  of.  Reptiles  and  jb)iphibi(i,.toitfyd 
Descnpliaii  of  someiiew  Species.  By  John  Edwai-d  Gray,  £^(|<> 
fGS.  fiic.  ■',-n.,\. 

■''■'M  '.''(To  the  Editors  of  the  Annals  of  Phihsophu.)'  "  •  ''['"^' 
baa  PRNTLEMEN,      '  BrilM  3I«,«,m,  Juhj  \%„  l^^-rsd 

''fttE  reptitea  have  been  comparatively  neglected  by  recehtr 
zoologists,  perhaps  on  account  of  the  popular  prejudices  against' 
this -interesting  and  curious  class  of  animals  which  Liunseus' 
designates  "Animaliapessima  tetranuda."  It  is  only  necessary 
t»  orercome  these  prejudices,  aud  to  examine  them  even 
GDpcrflcially,  and  we  cannot  but  be  struck  with  the  beauty  of 
tbeir  colours,  the  wonderful  nature  of  their  structure,  and  the 
peculiarities  of  their  habits  and  manners.  Indeed  I  do  not 
know  any  class  of  animals  better  calculated  to  excite  the  wonder 
and  astonishment  of  a  student  of  nature. 

With  the  hopes   of  inducing   some  inquiry  into,  and  exa- 
mination   of,    this    department    of  natural    history,    I    have 
attempted  to  bring  together  into  the  form  of  a  synopsis,  the 
labour  of  the  preceding  writers  on  this  class,  and  have  also 
thrown  into  it  my  own  notes  formed  on  an  examination  of  the  ; 
Gpoeimens  at  present  under  arrangement  in  the  British  Museum^  '• 
wjtieh  are  exceedingly  interesting  to  me  in  several  points. i»f.', 
viawj  ■  ■first,  as  conlaming  several  undescribed  specit'S,  antt  spe-l ' 
citnerfs  of  interesting  or  obscure  genera;  and   secomlly, Hht*' 
older-'spocimens   having  been  examined,   and   most  cai'efullyi 
nataed  by  my  late  uncle,   who   paid   great  attention  to  this  i 
deiianaieiit  of  zoology,  and  severm  of  whose  nranu^cript  spfici«s ' 
sliWMJtoain  unpublished."'"               ■■■'■  !  ^i"'"'  r:   ■/-:<■■  ^  .-;  ■.■^«  >  A'.  ■ 
I  need  not  dwell  on  the  distinctness  of  the  two  classeaof  rep- 
^«p  Series,  vol.  x,  o 
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tiles  and  amphibia,  or  of  the  Bcaly  and  naked-skinned  groups,  aa 
they  are  allowed  to  be  perfectly  distinct  l)y  all  modem  naturalists, 
although  they  do  not  agree  with  regard  to  the  rank  of  the  latter 
group.  I  am  inclined  to  follow  the  opinion  of  Macleay,  Blain- 
ville,  and  others,  in  considering  them  DOth  as  classes,  and  con- 
sequently of  equal  rank. 

Class  III. — ^Reptilia. 

Body  covered  with  scales  or  hard  plates  imbedded  in  the  skin ; 
heart  with  two  auricles  and  one  ventricle  respiring  by  lungs. 
The  blood  is  cold ;  the  windpipe  ringed ;  the  ribs  are  perfect, 
and  there  are  several  vertebreo ;  the  penis  is  distinct,  sometimes 
double.  The  egg  is  covered  with  a  shelly  mostly  hatched  in  the 
body  of  the  mother. 

Synopsis  of  the  Ordebs. 

Body  covered  with  imbedded  hard  plates;  legs  distinct. 

Ears  closed  with  a  valve Emydosauei. 

Ears  naked,  valveless  ..•«••••• •  Sauru 

Body  covered  with  scales,  or  two  large  shields. 

Legs  2-4  weak ;  ears  naked SACROPttinii. 

Legs  0;  earsO Ophidii. 

Legs  4;  body  covered  with  two  shields.  . .  Chelqnh, 

Mr.  Macleay,  in  his  excellent  Hora  Entomologiae,  has 
observed  that  the  order  of  this  class  appears  to  assume  a  circu- 
lar disposition  ;  the  most  visible  break  m  this  arrangement  is  in 
the  passage  between  the  snakes  and  the  tortoises ;  for  the  con>- 
nexion  between  the  latter  order  and  the  crocodiles  must  be  visi- 
ble to  every  one,  if  they  only  consult  Shaw's  figure  of  the 
Testudo  serpentina,  and  compare  it  with  that  of  the  crocodile,  for 
it  is  in  fact  a  crocodile  with  a  shortened  body,  covered  with 
tinited  instead  of  distinct  shields,  and  a  bird's  beak.  The  pas- 
sage from  the  crocodiles  to  the  lizards  by  means  oith&Minitors, 
has  long  been  known  to  naturalists,  who  have  often  considered 
the  latter  as  species  of  the  former  genus ;  and  even  Linneeus 
placed  them  in  the  same  section  of  his  genus  Lacerta.  The 
Sines  have  always  been  placed  in  the  same  genus  or  group  with 
the  lizards;  but  their  affinity  with  the  slow-worms  did  not  escape 
the  penetrating  eye  of  Linnaeus,  who  observes  that  the  Lacerta 
Chalcides,  is  ^^  Media  inter  Lacertas  et  An^ues;"  and  the  union 
of  the  genera  Sincus,  Anguis,  and  Amphisb^a,  into  an  order, 
although  it  has  not  been  done  by  any  zoologist  that  I  am 
aware  of,  appears  to  be  strictly  natural,  for  the  feet  in  this  oiVler 
exist  in  such  various  degrees  of  developement,  .thtt :  the 
being  with  or  without  them  appears  to  be  only  a  family 
or  generic  character,  and  not  ordmal.  LinnsBus  placed  the 
f^erft  Tortrix  and  Mryce  of  the  true  i^erpenti  as  species  of 'his 
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getittfi  Angkh,  thus  ehowing  that  he  considered  them  a£  nearly 
allied.  So  far  the  passage  from  one  order  to  the  oth^jr  has 
been  very  easy  and  gradual;  and  indeed  sometimeB  I  have  been 
doubtful;  as  m  the  last  case^  to  which  order  I  should  refer 
the  genera.  There  is  every  reason  to  believe  from  general 
structure,  that  there  exists  an  affinity  between  the  tortoises  and 
the  snakes,  but  the  genus  that  exactly  unites  them  is  at  pre- 
sent unknown  to  European  naturahsts,  which  is  not  astonisning 
when  we  consider  the  immense  number  of  undescribcd  animals 
which  are  daily  occurring. 

Mr.  Macleay  thought  these  two  orders  might  be  united 
by  means  of  Emys  JuongicoUid  (the  long-necked  tortoise)  of 
Shaw ;  but  the  family  to  which  this  animal  belongs  appears  to 
be  the  one  which  unites  this  class  to  the  crocodile  :  if  I  may  be  al- 
lowed to  speculate  from  the  pecuUarities  of  structure  which  I  have 
observed^  I  am  inclined  to  think  that  the  unioa  wiU  most^furobaf 
bly  take  place^  by  some  newly  discovered  genera,. Allied  to; the 
marine  or  fluviatile  sofl-skinned  turtles^  and  the  marine  serpient. 

§  1.  Bodi/  covered  with  imbedded  hard  plates  ;  legs  distinct y  fit 
for  walkU}g.    Loricata,  Gray;  not  Merrem. 

Order!,  Emydosauri,  Blainv. 
Ears  closed  by  two  longitudinal  valves ;  anus  longitudinal ; 
body  covered  Vfith  large  imbedded  plates ;  tongue  short  adnate ; 
legs  four ;  toes  four  before,  five  behind  ;  sternum  long ;  clavi- 
cles none ;  lungs  not  extended  to  the  abdomen ;  living  in  or  near 
water.  . 

Fam.  L  CBOCooiLiDiE:. 

Feet  three  clawed ;  hinder  ones ;  palmate  or  semi  palmate 
tail  compressed. 

1.  AtioATOB,  Cuv. 

H«ad  blunt ;  hind  feet  semi^palmate.    America. 
A.iiicius,  Gray*    Crocodilus  lucius^  Cuv. 

2.  Crocodilus,  Cuv.    Choxofse,  Merrem. 

.  I^ead  blunt ;  hind  feet  palmate.    Old  and  New  Continent. 
C#  biscutatus,  Cuv. 

3.  Qayial^  OppeL    Gavials,  Cwr. 

Head  very  long ;  hind  feet  semi-palmate. .  Old  ContinejU. 
G,  gangeticus.  Gray.    Crocodilus  gangeticus^  Cuxi.  ; 

Pom*  II.   ICTHlOSAURIDiE. 

Feet  paddle-shaped ;  toes  five;  cervical  vertebra  18.  Marine. 

:   l.\IcTHi6sAURUs,  K««i^.    Protepsaurus,  Howe. 
Tf  eth  in  a  grove. 

Latreilie  applied  the  nadie  Ichiosaurus  t6  the  larva  of  a  sala- 

o2 
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mander ;  but  the  genus  has  been  properly  rejected  by  ill  laiter 
zoologists. 

1.  commuDis,  Kctnig. 

2.  Saurocephalus.    Harlan^  1824. 
Teeth  in  sejparate  sockets. 

S • Harlan. 

Fam,  III.  Plesiosaurid^. 

Feet  paddle- shaped;  toes  five;  cervical  vertebra  35  or  41. 
Marine. 

I.Plesiosaurus,  Conybeare, 

P.  dolichodeirus>  Conybeare. 

Cuvier  has  described  a  genus  of  large  lizard  fossil  under  the 
name  of  GEOSAURUSy  Oss.  Fos.  v.  ii.  328,  which  he  says  is  inter- 
mediate between  the  monitors  and  crocodiles. 

The  genus  Megalosaurus  of  Buckland,  Geol.  Trani.  is^  per- 
haps, allied  to  this  order. 

Order  II.  Sauri,  Blainv. 

Drum  of  the  ears  naked>  or  covered  with  the  skin;   anus 

transverse  ;  body  covered  with  lai^e  and  small  imbedded  scales ; 

legs  four,  toes  5,  before  and  behind ;  sternum  short ;  clavicles 

distinct;  lungs  extended  into  the  abdomen ; //v^Vfg  most/yon  land. 

§1 .  Tongue  not  extensile.    Ascolabata,  Merrem. 

Fam.  I.  Stellionid^.    Stelliones,  Cuvier. 

Toes  free ;  inequal ;  body  subcompressed  ;  throat  subpendu- 
lous,  extensile. 

The  throat  of  all,  but  more  especially  of  the  species  of  the 
latter  section  of  this  family,  are  more  or  less  capable  of  being 
dilated  by  the  processes  of  the  os  hyoides,  as  noticed  by  Baron 
Cuvier  in  his  Essay  on  the  Osteology  of  Lizards  (Ossment  Fos- 
siles,  v.  ii.  p.  281) ;  find  it  has  lately  been  described  and  figured 
in  an  excollent  paper  by  Mr.  Bell,  in  the  Zoological  Journal,  as 
existing  in  the  genus  Anolius. 

f  Without  any  teeth  in  the  throat:  teeth  equal,  conical ;i  toejf 
simple.  Agamina,  Gray.    Stellionidae,  Bell,  without  character. 

Gen.l.  Uromastrix,  Merrem. 

Body  and  head  scaly ;  tail  with  large  whirled  poipted  scales ; 
femoral  pores  distinct. 

U.  Richii,  Gray.  U.  acanthinurus,  J3^//,  not  U.  ^^^thurusi 
Merrem.    Common  Africa. 

2.  ZoNuRUS,  Merren.    Cordylus,  Gronoviqs.      j      '^    ,    : 
Body  sQaly;    head  and  abdomen  shielded;   tail  whorled; 
'k^inofte }  femoral  pores  distinct.. 

Q^^}m,' Merren*    L.  Cordylus,  Lin*. 
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3.  Agama. 

Body  and  head  scaly ;  tail  with  small  scales ;  femoral  pores 
none ;  toes  6-5. 

This  genus  contains  the  following  subgenera  characterized  by 
the  form  of  the  scales,  8cc. 

1.  Stellio,  Daud;  St.  vulgaris ;  Lacerta  stellio,  Lin.  2.  Agama, 
Daiid;  A.  muricata,  Daud.  3.  Tapa^ia,  Gray :  T.  orbicularis ; 
Lacerta,  Lin.  4.Trapelus,  Cuv.;  T.  mutabilis,  7206.  Calotes^ 
Merren.  6.  Calotes,  Cuv.\  C.  ophiomachus,  nob,\  Lacerta 
Calotes,  Lin,  6.  Lyriocephalus,  Merrem  (Lophyrus,  OppeL), 
L.  margaritaceus,^  Merren. 

4.  Pneustes,  Merrem,    Agama,  Daud, 
Toes  four  before,  five  behind ;  tail  prehensile. 

P.  prehensilis,  Merrem.    Carapopeba,  Margrave. 

5.  TiASiLicvs,  Laurent, 

Head  &nd  body  scaly;  tail  with  a  dorsal  fin  supported  by 
bony  rays  ;  femoral  pores  distinct. 

B.  mitratus,  Daua, 

6.  Draco,  lf;2. 

Head  and  body  scaly ;  sides  of  the  body  with  wing-like  expan- 
sions supported  by  the  spurious  ribs ;  femoral  pores  none ;  tail 
round,  scaly. 

D.  viridis,  Daud. 

7.  Ptergdactylus,  Cuv. 

The   index  finger  of  the  fore    foot  longer  than  the  body 
"  supporting  a  flymg  membrane,"  Cuv. 
P.  iongirostris,  Cuv,     ' 
-ff  With  teeth  in  the  throat, 

f 

_  ■  ,  ;  »  % 

8.  Clamydosaurus,  Gray. 

Head  and  body  scaly ;  tail  round  scaly ;  neck  with  a  large 
pliated  frill  on  each  side ;  femoral  pores  none. 

C.  Kineii,  Gray.  New  Holland,  Capt.  P.  King;  see  the 
inedited  Journal  of  his  Voyage.  (I  am  not  certain  that  this 
genus  has  palatine  teeth.) 

9.  Iguana,  Daud, 
leuanina.  Gray. 

leeth  unequal  or  compressed,  denticulated  ;  head  shielded; 
body  scaly ;  back  furnished  with  a  dorsal  crest ;  femoral  pores 
dicttinct ;  toes  5^  simple ;  tail  crested. 

L  tuberculata,  Laur.    Lacerta  Iguana,  Lin. 

10.  Ctclura,  Harlan, 

.  Head' — ^  ?  body  scaly;  back  with  a  dorsal  crest ;  femoral 
pores  distinct ;  toes  6-6  simple  ;  tail  with  large  whorled  pointed 
scales  ^^'^ 

C.  carinata,  Harlan,  Acad,  N.  S.  PUl.  X^l^i, 
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11.  Amblyrhyncus,  £e//. 

Head  short,  truncated^  above  tuberculated ;  body  scaly ;  neck 
back  and  tail  with  a  spiny  crest ;  toes  5-5  simple^  nearly  equal ; 
femoral  pores  distinct;  teeth  trilobate. 

A,  cristatus^  Bell,  ZooL  Journ.  ii.  1. 12.    Mexico* 

12,  POLYCHRUS,  CuV. 

Head  pyramidical  shielded ;  body  scaly,  inflatile ;  not  crested ; 
femoral  pores  distinct ;  toes  5-5  simple. 
P,  marmoratus,  Merrem. 

13.  Anolius,  Cwv.    Anolis,  Merrem. 
.  Head  pyramidical ;  scaly  (or  subscutate) ;  body  scaly;  toes 
5-5  very  unequal,  ends  dilated. 

This  genus  may  be  divided  into  several  subgenera,  according 
to  its  scales  and  dorsal  crests. 

1 .  Anolius.    A.  padagricus,  Daud.    2  ..••«•  ^  •  Laoerta  bul- 

laris,  Lin.    3 « •  •     A.  limeatus.  Daud.    4.  A^  Guvieri, 

JMerrew;  allied  to  JBasi7ictt5? 

The  fossil  genus  Mosasaunis  of  Conybeare,  according  to 
Cuvier,  Oss.  Fos.  v.  ii.  337,  is  intermediate  between  the  Agamina 
and  the  Iguanina. 

Fam,  II.  Geckotidje. 

Toes  nearly  equal,  mostly  dilated,  beneath  transversely  scaly; 
body  depressed ;  throat  not  extensile ;  teeth  conical  or  three 
lobed :  none  in  the  palate. 

1.  Phyllurus,  Gray.     Phyllures,  Cuv. 

Tail  depressed,  lanceolate ;  toes  simple,  filiform,  clawed ; 
body  and  head  scaly. 

P.  Whitii,  7iob.  Lacerta  platura.  Whitens  Jour.  Agama. 
Platyura,  .Merrew.    Perhaps  belong  to  the  former  family. 

2.  Uroplates,  Daud. 

Tail  depressed,  edged  with  a  membrane ;  toes  semi-palmate« 
dilated  at  the  ends,  scales  longitudinally  divided,  elaws  sunk 
in  the  grove. 

*U.  timbriatus.  Stellio  fimbriatus,  Schtmd.**  Caudiuerbera, 
Laur.  C.  cristatus.  Lacerta  caudiverbera,  Lin.  *** Gecko 
tetradatylus,  Meirem. 

3.  Ptyodactyjlus,  Gray.    Ptyodaetyles,  Cuv. 

Tail  round;  toes  free,  dilated  at  the  end,  scales  longitudi* 

nally  divided,  claw^  sunk ia.im  tha  grove ;  feUioral  pores  fipne. 

P.lobatus.    L.m^(^^^  ffjo^U*  . 


i  ■  I 


4.  THECAi^ACTtLus.    Thecadactyles,  Cuv.  * 

^   I^LroModi  «caly ;  toe8  dilated  tjieir  twhole  lengA,  fumisfaed 

H^mm,7Vftl^B^^  by  ^  lopgiMidinal  fallow,  coDtaimog 

Hmi;  Uittmb  clawless ;  thigh  borelessi    America.    . 

'Ml.    Qr^Qhm^  Daud.    LMs^lsipicaiida,  Gmlin^ 
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6.  Hemidactyltjs.    Hemidactyle?,  Cuv. 

Tail  roandi  beneath  ringed ;  toes  dilated  tt  the  base  into  an 
oval  disk,  formed  of ^ two  series  of  scales;  claws  and  femoral 
pores  distinct.     Old  Continent, 

*H.  tuberculosus.  Gray.  Gecko,  Daud.  H.  maculatus. 
Gray.  Gecko  maculatus,  Merrem,  **?  H.  triedrus ;  IJ.  acu- 
leatus  ;  and  H,  platyyrus,  Gecko^  Merrem:  belong  to  this  genus. 

6.  Gecko. 

Tail-  round)  scaly ;  toes  dilated  their  whole  length,  furnished 
with  transverse  senes  of  scales/ clawed ;  thumb  clawkss  j  femo« 
ral  pores  distinct.  ..   -jq  i;     . 

G.  verus,  Merrem.  Lacerto  gecko,  Lin.  G»  vittatua  and  G 
Spectator,  ilierfem^  belong  to  this  genus. 

7.  TAnmNTOLA, Gray.  '        r:    ^w. 
Tail  round,  scaly ;  toes  dilated  their  whole  lengih,  furnished 

with  transverse  series  of  scales ;  thumb,  index,  and  little  fingers 
clawless ;  femoral  pores  none.  ^  ^  •      *  *  ■  • 

T.  stdlliot  GecKo  stellio,  Merrem.  Lacerta  Mauritanica, 
Lin^ 


.'.»'« 


$.  Platydactylus,  Gray.    Platydactyles,  Cwv. 

Tail  round,  scaly ;  toes  dilated  their  whole  length,  furnished 
with  a  series  of  scales,  clawless';  femoral  pores  nOne;  thi)imb 
very  small.     Isle  of  France. 

F.  Cuvieri,  Gray.  Gecko  inungius,  Cuv..  P,  oc^atus. 
Gray.  Gecko,  C^v.  and  P.  squaUdus,  Gray.    Gecko,  I>au4* 

9.  Phelsuma,  no6.  ,  '  ' 

Tail  round  scaly ;  toes  dilated  their  whole  lengthy  furnished 

with  a  series  of  scales,  clawless ;  thumb  small ;  femoral  pores 

distinct.    Isle  of  Frame. 
P.  cmpidianus.  Gecko,  Merrem.   P.  omatum,  G?'ay,   Btown/ 

back  ornamented  with  six  rows  of  red  oval  spots.     Capt.  King. 

§11.  Tongue  extensile.    Saurase,  Aferrem. 

dFam.  Ill,  Twin AMX^mm.  ..  .  :       v  . 

Tongue  deeply  two  cut,  very  extensile  ;  teeth  o^ilyitt'tWe  jaws; 
tail  mostly  laterally  compressed ;  subaquatic  (allied  tp  the  femy- 
dpsapri). 

1.  Uranus,  Merrem.    Tupinambis,  jDimi.    Momtit^^i^CUV* 
Teeth  conical;  throat  collarle8S';'fcfead  and  body  dKifely'^'bielly 
annulated ;  toes  6-6 ;  femoral  pqres  iione.    The  Ancient.  Continent. 

*!Ritrrotmdferf.    UJ  Dra^iaend/^i^^  L.  Bracsena,  Lin. 

**Tdil-tompretifi^dy  benetth  rounded.^     1.  U.    varius,  ilerre»i. 
Ucerta  variS,  fl^jVe,  N.  ».     v,  = 
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2.  Ada,  Grtiy.  •  Dragonnes,  Cuvt      •  ^ 
Head  fidnelded ;  body  scaly,  with  larger  shields  on  the  back ; 

throat  with  two  pleats;  toes  5-5;  femoral  pores  distinct;  teeth 
conical ;  tail  compressed  at  the  end.    America, 
<   A.  croc<klilinus,  trroy.  Terns  crocodilinuSi  Merrem.  La  Dra- 
gonne^  Lac<?p6cfcr. 

• 

3.  Teiits,  Merre/Ti/   Les  Sativegardes,  Ct/)?. 

Head  shielded ;  body  scaly,  scale  of  the  abdomen  long ;  throat 
with  two  pleats ;  to(^s  5*5,  dr  5-4;  femoral  pores  distinct; 
teeth  denticulated;  tail  compressed.     America^ 

T.  bicarinatuSj  Merrem.    Lacerta,  Lin. 

4:  Ameiva,  Sdy. 

Head  shielded ;  body  scaly ;  scale  of  the  abdomen  broad ; 
throat  with  two  pleats ;  toes  5-5  ;  femoral  pores  distinct ;  teeth 
denticulated;  tad  round.  .  America. 
•    A.  vulgaris.     Lacerta  Ameiva,  Gmelin, 

Fam.IV.  Lacertinid^. 

Tongue  deeply  two  cut;  very  extensible ;  teeth  in  the  jaws  and 
palate ;  tail  round  ;  neck  surrounded  with  a  collar  of  larger 
scales  ;  toes  5-5.  , 

1.  Lacerta,  Li/i.Ctiv. 

Head  and  abdomen  shielded  ;  back  scaly ;  a  collar  of  larger 
scales  round  the  throat ;  femoral  pores  distmct ;  teeth  conical. 
L.  agiUs,  Lin, 

2.  TacIiydromus,  Oppel.    Takydrome,  Daud. 

Head,  back,  and  abdomen  shielded ;  femoral  pores  none,  with 
two  vesicles  at  the  anus. 

T.  sexlineatus,  Daud,  t.  39. 

The  species  of  this  family  require  further  division  and  exami- 
nation :  the  latter  genus  is  allied  in  form  to  the  next  order,  or 
Saurophidii. 

Fam.  V.  Camelionid-k. 

Tongue  round,  club-shaped,  very  extensile ;  teeth  three-lobed ; 
tail  .  prehensile ;  body  and  head  minutely  scaly;  toes  5-5, 
united^;  two  and  three  together,  clasping ;  tympanum  covei-ed 
with  the  skin. 

1.  ChaueJjIon ^Lin. 

The  only  genus  as  y'et  known  in  the  family. 

*C.  vulgaris.  ifli^K    l^cetla  chamaeleon,  Lin.    Africa. 

**C.  cal6^Miig,  ^errehi.    ***C.  bifidus,  Brogniart. 
.    This  family  is  allied  to  several  of  the  Stellionidte,  as  Pneustes, 
.&0.  but  .its  amoity.witb  Lacertunida  is  libt  so  apparent. 

§  JJ,  Jbody  covered  with  scales   or  a  bony  case  ]    legs,  of  ten 
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Order  III.  Saurophidu,  Grau. 
Drum  of  the  ear  deep  seated,  partly  covered  with  a  posterior 
transverse  valve  or  by  the  skin;  eyes  furnished  with  longitudiiiEj 
eyelids ;  skin  covered  with  uniform  imbricate  scales,  or  rings  of 
square  plates  ;  feet  two,  or  four  smalt,  weak,  sometimes  wantmg ; 
occipital  condyle  three  cut;  lungs  two  unequal,  or  rarely  only 
une  ;  ossa  quadratam  one  on  each  side  ;  upper  maxilla  immove- 
able. 

^  I.  Body  covered  with  imbricate  scales;  anus  transverse,  not 
terminal:  tongue  extensile'] 

I'am.  I.  SiNciDj;,  Gray. 

Body  fusiform;  scales  uniform,  shining;  tongue  fleshy, 
Rhghtly  extensile ;  teeth  denticulated ;  drum  of  the  ear 
deep,  pnrtly  covered  with  a  transverse  posterior  valve ;  legs  four 
wealc ;  toes  nearly  equal. 

1.  SiNCiis,  Hand. 

Body  fusiform,  unilbrmly  scaly;  head  shielded;  feet  four; 
femoral  pores  none  ;  toes  3-ii ;  teeth  in  the  jaws,  and  two  rows 
in  the  palate. 

S.  onicinalis,  Schneider.     Lacerta  Sincus,  Lin, 

2.  TiLiQVA,  Gray. 

Body  fusiform,  uniformly  scaly;  head  shielded;  feet  four; 
bnoral  pores  none  ;  toes  3-5 ;  teeth  only  in  the  jaws, 
'  T.  tuberculatus.  Gray.    Lacerta  Stncoides,  White. 

3.  Gymnophtalmub,  Merretn. 

"Body  fusiform;  head  shielded  ;  feet  four;  femoral  pores.. .,? 
38  4-5 ;  tueth  conical  (only  in  the  jaws  ?) ;  tongue  two-forked ; 

welids  nolle,"  Mciren. 

r G,  quadrilineatus,  Menem.     Lacerta,  Lin. 

4.  Tkaciivdosaurus,  Gray. 

^  Body  fusiform  ;  head  shielded ;  back  covered  with  hard  bony 
»les,  like  the  frontal  shelds  in  form;  abdomen  with  thin  scales; 
fectfour;  toeso-5;  femoral  pores  none ;  tail  short  depressed. 
T.  rugosus,  Gray.    New  Holland,  Capt.  P.  P.  King,  RN. 

5.  CiclGNA,  Gray. 

Body  subfusiform,  with  a  distinct  lateral  line ;  bead  shielded ; 
feet  four ;  femoral  pores  distinct ;  toes  5-5  unequal. 
_    C.  sepiformis,  Gray.    Sincus  sepiformis,  Schneider, 

fFam.  U.  Anuuoidje. 

LBody  cylindrical i  scales  uniform,  shining;    tougue  fleshy 
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nBcked;:4nunQ£the€ar;  partly  covered  vrith  atransrerse  poste- 
rior valve ;  feet  four  or  two,  weak ;  anus  transverse^  not  terminal. 

1.  Seps.  Daui»    Chamsesaura,  Schneider. 
'  Head  shielded ;  legs  four ;  toes  3-3 ;  body  without  any  dis- 
tiiict  lateral  line ;  scsde  uniform. 

8.  -cbalcidiea,  Merrem,  Grey,  with  nine  grey  lines  above; 
tail  longer  than  the  body;  scales  of  the  head  unequal.  Lacerta 
chaloides,  Lin.  C.  chalcis^  Schneid.  Chalcides  Seps,  Ldtreille. 
Seps.  tridactylus,  Daud. 

5.  equalis,  Gray,    Grey   ;  tail  thick,  half  as  long  as 

the  body  (perhaps  injured) ;  scales  of  the  head  equal ;  head  and 
Body  3u-lu  ;  tail  17th  of  an  inch ;  scale  of  the  head  numerous, 
very  nearly  equal, 

3i  Tetrad  A  CTYLUS,  Merrem. 
.  Head  shielded ;  legs  four ;  toea'4-4;  body  furnished  with  a 
distinct  lateral  line  ;  scale  of  the  back  quadrade  of  t}ie  abdomen 
hexagonal ;  tongue  short  entire.  '  ^ 

T.  Chalcidicus,  Merrem.  Lacerta  tetradactylus,  Lacep,  Ann. 
Mus. 

.  3.  MoNODACTYLus,  iWirrcm.    Chamaesaura,  Scftneii 
Head  shielded ;  body  with  acute  keeled  scales ;  feet  four ; 

toe  one  to  each  foot ;  tongue  short  entire. 

M.  anguinus,  Merrein,    Lacerta  anguina^   Lin.    Chalcides 

pinnata,  Laur.    C.  anguiaea,  Itaur. 

4,  BiPEs,  Laup. 

Head  shielded  ;  body  with  imbrical  scales  ;  fore  feet  hid  in 
the  skin  ;  hind  feet  with  two  toes ;  tongue  short  apex  necked. 

B.  anguinus,  Merrem.    Lacerta  bipes,  Lin. 

Merrem  describes  from  Gronovius  an  animal  under  the  names 
of  Pygodactylus  Gronoviiy  but  he  doubts  it  being  distinct  from 
the  former ;  it  is  only  said  to  differ  in  having  only  one  toe  to 
the  hind  feet.  Cuvier,  R.  A.  describes  the  former  as  only  hav- 
ing one ;  on  what  authority  I  do  notknow. 

6.  Pygopus,  Merrem. 

Head  shielded;  body  with  a  distinct  lateral  line  X"  back 
scaljr;  abdomen  with  small  shelds,"  Merrem)  \  femoral  pores 
distinct;  eyes  lai^e ;  drum  of  the  ear  large  ;  teeth  in  the  jaws 
only;  tongue  short,  entire  ;  forefeet  hid  in  the  skin;  hind  feet 
clawless ;  roimded,  lobed. 
*  P.  lepidopus,  Merrem.    Bipes  lepidopus^  Lacep.  Tji.,  Holland. 

6.  PsEunopus,  Jlferr^m*    Sheltopusik,  Ltff^et//^. 

Head  shielded ;  body  famished  with  a  distinct  lateral  line ; 
fore  feet  wanting;  hind  feet  short,  two  or  three  Idbed;  tongue 
fwo^foiked ;  iecth  blunt  Qoly  in  the  jaw8« 
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P.  serpentlnusy  Merren.  Lacerta  apiis^  Pallas.  (%ttma»saura 
apus,  Schneid.  Bipes  ebeltopusik^  BonnaL  Sbeltopusik  didac- 
tylus^  Lat,    Seps.  sheltopusik^  Datid*    Russia. 

7.  Ophiosaurus,  Daud.    Hyaliaus,  Merrem, 

Head  shielded ;  body  with  a  distinct  lateral  line ;  feet  none, 
(bid  under  the  skin) ;  drum  of  the  ear  apparent;  teeth  in  the  jaws 
and  palate,  ; 

O.  y entrails^  Daud,    Anguis^  Lin.    Chamaesaurai  Schneid^^ 

8.  Anguis,  Lin.  Cuv. 

Head  shielded ;  body  without  any  lateral  line ;  feet  none  (hid 
upder  the  skin).;  drum  of  the  ears  cohered  with  the  skin;  teeth 
only  in  the  jaws. 

A,  fragiUs,  Lin. 

9.  AcoNTiAs,  Cuv.    Ery;c,  Daud. 

Head  shielded ;  the  anterior  shield  projecting  over  the  mouthy 
lateral  line  not  distinct;  feet  none,  nor  no  bones  (hid  under  th^ 
skin) ;  drum  of  the  ears  covered  with  the  skin ;  teeth  in  the  jaws 
and  palate,  allied  to  the  next  family. 

♦Eyes  distinct.  A.  Meleagris,  Merrem.  Anguis,  Lin-  Eryx 
Meleagris,  Daud.  **Eyes  hid  with  the  skin.  A.  caecus, 
Cuv. 

^2.  Body  covered  with  intricate  scales;  anus  terminal. 

Fam.  III.  IVpHLOPiDJE,  Gray. 

Body  cylindrical,  covered  with  imbricate  scales  ;  feet  or  legs 
none ;  head  shielded,  muzzle  advanced  ;  tongue  lon^,*  forked 
extensile ;  anus  terminal ;  drum  of  the  ear  hid  itnder  the  skin. 

1.  Typhlops,  Schneider. 
Eyes  visible  under  the  skin* 

Dr.  Waggler  has  published  a  ^enus  under  the  name  ofStenaS" 
toma  which  does  not  appear  to  differ  from  this  or  Accmiias. 

§  3.  Bod]/  covered  with  rings  of  square  scales. 

Jawi.  IV.  AMPHisB-ENiDiE,  Gray. 

Body  cylindrical,  covered  with  rings  of  square  scales ;  feet  or 
legs  nonie;  hqad  and  sometimes  the  chest  ^shielded;. tongue 
sh6f6j,  (iut;  teeth  conical  only  in  the  jaws ;  amis  ternUnal ;  drum 
df'tlici  ealr  hid  lindet  the  skin. 

1.  Am^htsb-sina,  X/n. 

Body  covered  with  ri^igs  of  uqiform  s^ed^  ^uaro  acales ;  head 
shijelded ;  anus  with  a  sehes  of  pores  in  fronts 
A.  alba,  Li«4 
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2*  Levtostekmon,  Wagler, 

Head  and  chest  shielded ;  body  covered  with  rings  of  square 
scales ;  anus  without  any  pores. 

L.  microcephalus,  Wagler  10,  t.  26,  f,  2. 

•    Fam.  V.  Chalcibid^. 

Body  cylindrical,  covered  with  rings  of  uniform  square  scales ; 
legs  (wo  or  four ;  head  shielded  ;  tongue  • .  •  • ;  teeth ,  •  •  • ;  anus 
transverse  submedial ;  drum  of  the  ear  hidden. 

1.  Chirotrs,  Cjiv.     Bipes,  X^z^r.    Bimanus,  Ojij>e/, 
Legs  two,  posterior ;  toes  five,  clawed. 

C.  canaliculatus,  Merrem.  La  Cannell,  Lacep.  Lacerta  lum- 
bricondes,  Shaw. 

2.  Chalcides,  Daud.    Chalcis,  Merrem, 
Legs  four ;  toes  three,  clawed. 

C.  flavescens,  Bonnat.  Le  chalcide,  Lacep.  Chamaesaura 
Cophias,  Schneid.    Chalcis  Cophias,  Merrem. 

3.  Cophias,  Gray.    Colobus,  Merrem,  not  Illiger. 
Legs  four;  toe  one,  clawed. 

C.  Daudini,  Gray.  Colobus  Daudini,  Merrem,  Chalcides 
Monidactylus>  Daua. 

Order  W.  Ophidii,  Brogniart.  Serpen tes,  Lin^ 
The  drum  of  the  ear  wanting ;  eyes  destitute  of  the  third  lid  ; 
skin  covered  with  imbricate  scale  or  plates ;  feet  non^ ;  chest  and 
blade  bones  wanting;  ribs  encircHng  the  body;  body  of  the 
vertebra  uniting  by  a  convex  and  a  concave  surface ;  the  os 
tympanum  or  pedicel  of  the  lower  jaw  moveable,  and  suspended 
to  another  similar  bone  or  mastoiae,  attached  to  the  skull  only 
by  ligaments.  The  branches  of  the  jaw  only  united  together  by 
ligaments,  so  as  to  let  them  separate  more  or  less  from 
each  other,  and  allow  the  animal  to  swallow  large  bodies ;  the 
palatine  arches  movable,  armed  with  sharp  recurved  teetli. 

5j  1 .  Upper  jaws  with  fangs  onli/.    Venati. 

The  jaws  are  very  dilatiHe  ;  the  tongue  very  extensile ;  head 
large  behind ;  the  upper  raaxillaiy  bones  small,  supported  on  a 
long  pedicJEd,  and  very  mobile,  furnished  with  a  fang,  pieced 
with  a  little  canal,  wTiich  give  passage  to  the  liquor  secreted 
by  a  considerable  gland  under  the  eye.  The  fang,  when  the 
animal  is  not  irritated,  is  hid  in  a  plait  of  the  palatine  integu- 
ments ;  viviparous. 

Fam.h  Crotalid.1:. 

Body  and  tail  covered  beneath  with  isimple  transverse  plates ; 
bead  usually  scaly,    America. 
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•Withaltatik. 
1.  Chotaltis,  Xin. 
Head  covered  with  scales ;  the  muzzle  perforated  with  a  sm^ll 
fovea  behind  each  nostril ;  tail  furnished  with  arattling  appendix 
formed  by  the  dry  termiaal  scales,     America.  1 

C  horidus,  Lin,  I 

r2.  Crotalopiiorus,  Lin.  Gray. 
Head  covered  with  plates  ;  muzzle  with  a  small  fovea  behind 
ch  nostril ;  tail  furnished  with  a  rattling  appendix.     America. 
C.  railiaris,  Lin. 
**  Without  ant/  Rallies. 
3.  Eciiis,  Merreii.     Scytales,  Lair,  not Growou. 
Head  covered  with  scales ;  the  muzzle  not  perforated ;  tail 
simple.   Allied  to  Viperadie,  Merrem. 

S.  zic  zac,  Daiid.     Boa  horrata,  Schieider,  ■ 

4.  AcANTHOPis,  Daud.     Ophyas,  Merrem. 
Head  with  large  scales  in  front ;  no  pores  behind  the  nostrils ; 

|4ail  with  double  plate  only  beneath  the  enii,  which  terminate  in  a 
acute  point, 
cerastinus,   Daud.      Boa   palpebrosa,   S/iaw.      Ophryas 
Icantophis,  Merrem. 

5.  LANGAHA.BrHg.    Langaya,  Shaw. 
Head  covered  with  lar^e  plates  ;  muzzle  lone,  pointed  ;   tail 

lurrounded  by  rJng-hke  plates,  except  at  the  end  wnich  is  scaly. 
'  L.  nasuta,   S/iaw.      L.  raadagascariensisj   Merrem.     la  this 
cus  alhed  to  Dryiiius  ? 

Fain.U.  ViPERin*.  M 

The  body  scaly ;  the  abdomen  covered  with  anniilated  plates  j-" 
the  tail  with  divided  scale  beneath  ;  anus  without  spurs. 

Head  distinct,  scab/,  behind  broad.    Vipeiina. 

1.  TRtcosoczPHAi.vs,  Oppel.     LuchensiSf  Daud.    Cophias 
Merrem. 

Head  triangular  with  a  distinct  fovea  behind  the  nostrils;  tail 
round  ;  apex  simple,  conical,  sometimes  armed. 
T.  atros,  Merrem. 

2.  CaASEnncEPHALus,  Ku/if.    Bothrops,  Wagler. 
Head  truncated,  with  a  distinct  fovea  behind  each  nostril ;  tail 

round,  the  plates  towards  the  anus  entire,  apex  simple,  conical, 
plates  halved. 

C.  crotaliuuB,  Kiihl.     Crotalus  Mutus,  Lin. 

3.  Cobra,  Lour.  Vipera,  Laur.  Echidna,  Merrevt,'cint  Geoff". 
Head  covered  with  scales  without  any  fovea  behind  the  nos- 
trils ;  tail  round. 

V.  Cerastes,  Laiir,    Coluber  Cerastes,  Liu. 
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6.  Pelias,  Merrem.  .  Colaber,  LauK 
Head  scaly,  with  three  larger  plates>   withoat  any  fovea 
S>ehmd  the  uostrils ;  tail  round* 

P.  Berus,  Merrem.    Coluber  Berus,  Lin* 

**Head  droad  behind,  with  plates.    Naiina. 
6.  Naia,  Laur. 

Head,  with  nine  plates  behind,  broad  ;  neck  very  expansile, 
covering  the  head  like  a  hood ;  tail  round. 
N.  tripudians,  Merrem.    Coluber  Naja,  Lin. 

"^^^Head  indistinct ,  with  plates  ;  mouth  small.     Elaphina. 

6.  Sepedon,  Merrem. 

Head  with  nine  plates,  without  any  fovea  behind  the  nostrils ; 
tail  round. 

S.  Hsemachates,  Merrem*    Hsemachate,  Lacep. 

7.  Elaps,  Schneid. 

Head  rarely  distinct  from  the  body  with  plates,  without  any 
fovea  behind  the  nostrils ;  tail  round. 

E.  Lenniscatus,  Schneid.    Coluber  henniscatus. 

The  fangs  of  this  genus  are  said  not  to  be  perforated ;  it  is, 
therefore,  closely  alfied  to  Coluberida,  and  the  trilpp  ^bpi^d 
be  removed  to  the  latter  family  ;  I  have  at  present  considered  it 
as  the  passage  between  the  two  sections  of  Ophidii. 

8.  MiCRURUS,  Waaler. 

Head  indistinct  with  nine  plates,  without  any  fovea  behind  the 
nostrils  ;  tail  very  short,  acute ;  subcaudal  plates  one  and  two 
rowed. 

M.  spixii,  Wagler. 

9.  Platurus,  Latr. 

Head  with  pktes  ;  tail  compressed,  broad  two  edged,  allied  to 
Hydrida. 

P.  fasci^.tus,  Latr.  Coluber  laticaudatus^  lAn.  Laticauda 
scutata,  Laur.    Hydrus  colubrinus,  Schneid. 

§  11.  Upper  jaw  with  teeth,  and  with  or  without  fangs  ;  ovipa* 
rous. 

Fam.  II.  Hydride. 

Nostrils  on  the  top  of  the  head,  operculated  ;  tefeth  atnd 
usually  fangs  ;  body  covered  above  with  scales,  and  beneath  wit% 

scales  or  narrow  plates.  • 

*^  .1  ......  -.^  . 

*Tail  compressed.    Living  in  water. 

I.  Aipysurus,  Lacep. 
.    Heail  shielded ;  belly  with  a  row  of  small  shields ;  tail  beneath 
scaly ;  nildk  dilatible* 

*A.  lesfiB,  Lacep.    Enhydris  Isvis,  Merrtm^    . , 
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2.  Enhydris,  Merrem. 

Head  shielded ;  belly  mth  a  row  of  small  shields  f  tail  besieath 
scaly ;  body  keeled ;  neck  simple.    ^ 

£•  spiralis,  Merrem.    Hydrus  spiralis,  Shaw, 

3.  DisTERiA,  Lacep. 

Head  shielded ;  beUy  with  a  row  of  shield  apparently  formed 
of  two  rows  of  scales  soldered  together;  tail  beneath  scaly  ^ 
neck  simple. 

D.  doliata,  Xacg>,    N.H.  Capt.  P.  P*  King. 

4.  Htbrophis,  Daud.    Leioselasma,  Lacep, 
Head  shielded  ;  belly  and  tail,  beneath  shielded. 

*H,  nigro  anctus,  Daud.  Russely  Ind.  Serp»  t.  6.  **Lciose- 
lasma,  striata,  Lacep.  Ann.  Mas.  iv.  ***  ?  H.  spiralis,  nob. 
H.  spiralis,  Shaw* 

6.  Pelamis,  Daud.    Hydrophis,  Latr.  and  Daud^ 
Head  shielded ;  body  and  tail  entirely  scaly. 
P.  bicolor,  Daud.    Anguis  platura,  Lin. 

6.  Chersydreas,  Cuv.    Acrocordus,  Shaw. 

Head  and  body  entirely  covered  with  small  scales  ;  tail  com- 
pressed. 
C.  granulatus,  Merrem.    Hydrus,  Schneider.    Pelamis,  Daud, 

** Fangs  none ;  tail  round. 

7.  AcRocoRpus,liorA/5^e£;{^. 

Head  and  body  entirely  covered  with  small  scale ;  tail  round  $ 
fangs  none. 

A.  Javanicus,  iZbr/is^ed^. 

Fam.  V.  CoLUBRiDJE. 

Jaws  furnished  with  teeth,  and  sometimes  fangs  ;  head  covered 
with  plates  ;  abdomen  covered  with  broad  ring4ike  plates ;  tail 
with  two,  and  sometimes  only  one  series  of  plates  beneath;  anus 
destitute  of  spurs. 

^  Mouth  with  fangs..      * 

1.  Trimeresurus,  Lacepede. 

Head  narrow,  shielded;  body  with  broad  smooth  scales  on 
the  sjd^s,  ^d  narrow  keeled  scales  on  the  back ;  tail  with  whole 
and  divided  scales. 

T.  leptocephalus,  Lacepede,  Ann.  Mus.  N.  HI 

2.  Bungarus,  Daudin. 

Head .  blunt  with  nine  plates ;  body  scaly  with  the  dorsal 
scales  larger  than  the  rest.    Subcaudal  scale  one  rowed^  entire. 

B.  C8&ruieus,  D4md4    0oa  lineata,  Shaw* 
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3.  Ophis,  Wagler. 

Head  With  small  ioipQirforateteeth  ph^scid  before  butnot  behind 
the  fangs;  abdominal  plates  broad,  ih«  jBubcaudal  plates  twa 
rowed..  ■'■  -  .  v':x>/;..-  ,  .-.•-■..    -. 

O.  Merremi)  Wagler, 


'^*  Mauth  without  fangs :  without  any  fovea  befott  the  eyes. 

4.  Coluber,  LtVi.    Natrix,  Ltf i^r.-.  -Covopell^z  Xi^iif • . 

'    Head  with  eight  or  nine  plates ;  nostril  simple^  sph^f  convex  \ 
mouth  large,  bent  down  at  the  angles  ;  tail;beoeqktb,^iih  all  the 
*  lowef  divided  ;  scales  of  the  back  equal. 

*C.  fdbus,  lAn.  C.  brachyurus,  Shaw*  **Coronell?,  Laur. 
C.  cervina,  Lanr.  Coluber  stolatus,  Lin^  ***Homalopsis, 
KmU.  ,  H.  monilis,  Coluber,  lAn. 

5.  ^iPsAs,  Laur.  not  Leach*    Bungarus,  Oppel,  not  Daud. 
Head  large,  oblong,  with  eight  or  nine  plates ;  rostral  scale, 

simple,  solid,  convex ;  mouth  large,  angle  b^iit  down ;  shield 
beneath  the  tail  all  divided;  scales  of  tne  centre  of  the  back 
hexang^ular,  larger  than  those  of  the  sides,     .r  ."    , 

*D.  indica,  Laur.  Coluber  bttcephaluB^  S/iiaw^  *Bungarus, 
Catesbeii,  Coluber,  Catesbeii,  Merrem, 

6.  Ahjetulla,  Gray. 

Head  distinct,  oblong,  with  nine  plates,  before  rounded  very 
blunt,  depressed  ;  rostral  plate  single,  convex,  wiSi  a  concave 
arch  on  the  labial  margin;  mouth  large,  angles  recurved  ;  sub- 
caudal  shields  two  rows  ;  scales  of  the  sides  linear;  adpressed, 
those  on  the  centre  of  the  back,  forming  the  dorsalseries^Jarger, 
triangular ;  body  long,  slender. 

A.  decorus,  nob.  Coluber  decorus,  Shaw.  A.  ceerulescens. 
C.  ceerulescens,  L{/7.  A.  Sagitalis, -Coluber  Sagitalis,^.  W. 
Graves  MSS.  C.  sagittatus,  Shaw.  A.  punctulat^i^.  Gray, 
If.  Holland.     Capt.P.P.Kiug. 

7.  Ma CROSOM A,  Le/srcA,  without  character. 

Head  long  with  nine  plates  ;  rostral  plate  single,  convex,  with 
a  concave  excavation  on  the  labial  margin  ;  mouth  large,  angle 
bent  down ;  shield  beneath  the  tail  all  two  rowed ;  scales  of  the 
back  uniform  ;  body  long,  slender. 

M ,  elegans,  Leach.  Bowdich  Ashantee,  Coluber  elegans, 
Shaw. 

8.  Passerita,. Gray.  Dryinus,  ilferre»i,.not  jFcrftr.  Natrix, 
Laur. 

Head  with  nine  plates;  snout  moveable,  acute,  with  two 
scales  in  front,  one  before  the  other  ;  plates  under  the  tail  rowed ; 
fengs  distinct ;  body  very  thin ;  -scales  like  the  genus  Aktutul/a ; 
tail  very  lon^. 

P.mystenxans,  Mert^m.  ,  Coluber  mystevUaiis,^  Iah^ 


9.  HuRBiA,  i)auc2. 

.  Head  mih  ninje  {dates;  scale  of  the.bodjf  unifonn;  plate 
under  the  tail  entire  and  dii^ided. 

^Head  narrow ,  indistinct.  H.  lineata,  Daud^  Hurriah,  RmseL 
**Head  very  broad.  Ibiba^  Gray.  I.  irregularis.  Hurria  pseu- 
doboiga^  Daud. 

10.  ScYTALE,  Gronovim.    : 

Head  with  nine  plates;  scale  of  the  body  uniform;  plates 
under  the  tail  all  .entire. 

♦Head  distinct,  blunt.  S.  coronata,  Merrem.  **Head  indis- 
tinct.   S.  anguiformis,  Merrem.    Anguis  scutatus,  Lauf. 

11.  EiiPETON,  Lacep.    Rbinopiriis,  Jferrew. 

Head  with  large  plates,  with  two  soft  scaly  appendices  at  the 
end  of  the  nose ;  abdomen  largely  shielded ;  tail  above  and 
below  scaly. 

E.  tentaculatus,  Lacep.    Rhinopirus.    Erpeton^  Merrem. 

Fam.  V.  BoiDJE. 

Jaws  furnished  with  teeth,  and  sometimes  fangs ;  head  scaly, 
or  with  a  few  plates  in  front ;  abdomen  and  tail  covered  beneath  ' 
with  narrow  short  plates  ;  anus  furnished  with  spurs. 

*Head  distinct.    Boina. 

1.  Boa,  Xm.    Cenchris,  Xm.    Constrictor,  XflMr.  ^ 
Head  distinct,  scaly;  mouth   and  tail  above  scaly,   below 

broadly  shielded ;  tail  long,  round,  tapering. 
/  B.  ConstrictQr,  Lin. 

2.  Cenchris,  Xiw.     Boa,  Xatir.    Xyphosoma,  Wagler. 
Head  distinct ;  shielded  over  the  nose ;  trunk  and  tail  above 

scaly,  below  broadly  shielded ;  tail  round,  tapering ;  body  com-* 
pessed,  subfusiform. 
C.  murina.    Boa  Cenchria,  Lin.    Boa  Cenchris,  Gmelin. 

3.  Python,  Daud. 

Head  distinct,  scaly,  or  subshielded  over  the  nose ;  trunt 
above  scaly,  beneath  broadly  shielded;  tail  round,  beneath 
with  divided,  and  sometimes  a  few  entire  platds. 

P.  tigris,  Daud.  Colubjsr  Ifepa>  Laur.  C,  boaeformis, 
Shaw. 

Obs.  Some  of  the  species  of  this  genus  are  somewhat  allied  to 
Hydridae. 

**Hedd  indistinct ;  body  cylindrical ;  mouth  small.  Totricina. 

4.  ToRQUATRix,  Haw.     Tortrix,  OppeL  not  Lin. 

Head  not  distinct;  from  the  trunk  mouth  small ;  body  above 
scaly,  below  covered  with  small  hexangular  shields ;  tail  btunt, 

fround,  spak^  simply  anxji  divided ;  mouthy  small;  tongue  short, 
cut. 

.  Tr  Sijirtale,  ^my.  ^  Anguis  Scy tale,  Ian.  ^v:  €oraUii}a>  L^titr. 
Sew  Series,  yoL.'x.  v 


Head  disti&ct  from  the  trunk ;  bddy  ooTered  hhowt.  wHh  kex- 
agonal  scales,  below  with  small  narrow  cMlbquadmte  shields )  tail; 
shorty  blunt^  with  ope  row  of  scaled  beneath. - 

'E.Xmictxf^p Dana.  '  .  .    >.    , 


I  •  :  1  ;  ■ 


6.  Clothonia,  Daud. 

Head  distinct  from  the  trunk ;  body  covered  above ^th  hex- 
agonal scales,  below  with  small  narrow  subcjuadrangular  shietds ; 
tail  short,  blunt,  with  simple  and  double  shields.  '"' 

C.  anguiformis,  Daud. 

Order  V.  GheijOI^ii,  Latreille,  Cheloniens,  Brogwicrr/.  Tes- 
tudinata^  OppelL 

Body  short,  inclosed  between  two  horizontal  shields,  with  the 
head,  neck,  tail;  and  four  legs,  passing  out  between  ;  tnouth' 
toothless,  often  covered  with  a  horny  bill ;  tongue  short 

The  upper  shield,  or  Carapace,  is  formed  by  the  ribs  (eight 
pair)  enlarged  and  united  together,  and  to  the  c^nnular  part  of  the 
dorsal  vertebra,  by  toothed  sutures,  so  as  to  be  imnaidya^e; 
the  lower  shield,  or  plastron,  is  formed  of  the  pieces  ^blcl^ 
represent  the  chest  bone  (usually  nine),  and  a  circle  of  barife$ 
analogous  to  the  sternal  cartilages  of  quadrupeds.  Thti  verteflbra 
of  the  neck  and  tail  alone  are  movable.  The  two  bony  envelope 
are  immediately  covered  with  the  skin  or  scales,  and  suiYoond 
the  muscles  of  the  extremities 

•     '•  ■ 

■  *        •  ■         '  ■■  ,    ■ 

§  1.  Feet  and  head  reiraclile  into  the  carapace;  cafapace»olid, 
covered  with  homy  scales*    Cryptopodi. 

FamA.  TbstXjdinida. 

Body  covered  witli  horny  shields ;  carapace  convex  solid ; 
sternum,  attached  by  the  greater  part  of  its  sides  to  the  earapace  9 
legs  horny ;  feet  club  shaped ;  toes  indistinct,  bluntly  clawed  ; 
dorsal  plates,  13 ;  sternal,  12.    Terrestrial. 


Testudo,  DumariL    Chersini,  Merrem. 
T.  greeca,  Lin. 


Fam.ll.  tejvfYDiDiE,  BellMSS. 

Body  covered  with  horny  shieldg;  carapace  depressed;  ster- 
num attached  to  the  carapace  by  a  small  surface ;  lips  horny  or 
soft ;  feet  digitate ;  fingers  distinct ;  claws  sharp  ;  fiuviatile  or 
lacustral. 

*Beak  homy:  sternum  entire.    Emydina. 

1.  IBaiLYis,  Jbrogn. 
•   'Toeft'^,  or: 4*4;  depressed  elongated,  palmated ;  sternum 
iaimovable. 
:i4|&tMiifaQP  tei^   nartow*     Rapanu  -R*  serpentina^    Gra^. 


16.}  Mr.  Gtatf  on  the  Genera  of  Reptiles.  SlF^^l 

Jestudo,  Lhi.  **Stermim  11  or  12  scaled,  brottd.  E.  een- 
jmta,  Merreti,  T.  conceDtrica,  Shaw.  ••*Toes  4-4 ;  aternilia 
"S  scaled,     E.  longicolis,  Grai/.     Testudo,  Shaw. 

The  plaBtron  of  the  last  suBgenus  13  covered  with  13  scales ; 
thatissixpair  marginal,  and nn unequal  sided  hexangular,  one  in 
the  middle  of  the  anterior  lobe.  1  have  only  observed  an  approxi- 
mattng  distribution  of  the  plates  in  a  species  of  slrenothenis ; 
aM  the  other  Em^da  that  [  have  seen  have  had  only  the  six  pair 
of  marginal  plates,  the  first  pair  sometimes  soldered  so  as  to 
form  only  11  plates. 

L>  ^ 

^^B^fiealt  koriiy ;  sternum  transverselt/  sutured.    Terraplieuina.     ^^^H 
^^2.  Tekeaphene,  Merrem.      Cistula,  Soy.     Tortuia  a  boi^^^H 
Citoier. . 

Body  convex  ;  sternum  of  1 1  or  12  plates,  moveable ;  the  two 
central  plates  united  to  the  carapace  by  ligament;  the  posterior 
lobe  broad  fixed,  the  anterior  one,  of  five  or  six  plates,  separated  . 
by  a  transverse  ligamentous  hinge.  S^^^l 

T.  clausa,  Merren.     Testudo,  Gmelhi.  ^^^1 

This  genus  forms  the  pass  between  the  Emydffi  and  the  Te*^^^B 
tudinid^,  for  it  has  the  convex  form  and  sohd  shell  of  the  latter, 
and  the  feet  and  general  characters  of  the  former.     It  is  also 
intermediate  in  point  of  habits,  for  it  is  often  found  in  hot  dry 
ptacesy  „         _ 

Mr.  Bell  observes,  that  Testudo  Europea  is  a  species  of  thift^^^J 
genus  ;  if  so  the  name  of  it  should  be  changed,  as  that  was  cer-  ^^H 
tainly  the  Emi/s  of  the  ancients.  ^^^ 

3.  Stehnotmerus,  Bell,  MSS.    Tortues  a  boit  **Cuv. 
Body  depressed ;  sternum  of  11  or  12  plates^  the  central  part 

of  two  plates  united  to  the  carapace  by  two  long  processes  fixed ; 
the  anterior  lobe  moveable,  separated  by  a  transverse  ligamen- 
tous hinge ;  the  posterior  lobe  narrow,  fixed. 

S.  odorata,  Grai/.  Testudo,  Latr.  S.  pensylvanica,  Testudo, 
Gmelin. 

Obs.  Cuvier  describes  the  anterior  and  posterior  lobes  of  the 
sternum  of  these  species  to  be  moveable;  but  the  hinder  was 
fixed  on  the  specimens  which  1  have  examined,  which  were  all 
dry. 

4.  KlNOSTEHNOM,  SptX. 

Body  depressed;  sternum  central  part  fixed;   anterior  a^^ 
posterior  lobes  moveable  ;  throat  bearded. 
K.  longicaudatum. 


*Beaksoft.    Chelidina. 
5.  Chelyb,  Dumeril.    Malamata,  Merrem. 
Claws  5-4 ;  body  depressed  ;  lips  soft ;  nose  produced. 
A*  p2 
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C.  fimbriata.    Testudo  inatamata,  Brug* 

This  genus  is  allied  Jby  its  soft  lips  to  the  next  family. 

§  1 1.  Feet  and  head  not  or  only  partly  retractile  into  the  cara- 
pace  ;  carapace  mostly  soft*    Gymnopodi. 

jFfljw.III.  Teionicid^. 

Body  covered  with  a  coriaceous  skin ;  lips  fleshy ;  feet  digi-- 
tate  palmate  ;  five  toed,  three  clawed.  Fluviatile. 

1.  Trionix,  Geoff. 

Nose  produced, 

T.  ferox,  Geoff,    Testudo  ferox,  Pennant. 

r   Fam.lY.  Sphahgid^. 

Body  covered  with  a  coriaceous  skin ;  lips  horny ;  feet  finr 
shaped.    Marine. 

1.  Sphargis,  Merrem 

S.  mercurialis,  Merrem.  Testudo  coriacea,  Lin^.  Lath, 
Daubenfpn. 

Fam.V.  Cheloniadje. 

Body  covered  with  horny  shields;  lips  horny;  feet  fin-shaped. 
Marine. 

].  Cheloki A,  Brogn.    Caretta,  Merrem. 

C.  Mydas.    Testudo  Mydas,  Lin.    Caretta  cephalo,  Merrem. 


A  Table  of  the  Affinity  of  the  Orders  of  Reptiles. 

Normal  Groups.  Annectant  Group*. 

Order  I. — Sauri. 

1.  Stellionidae.  3,  Lacertinidee. 

2.  Geckotidae.  4.  ChamaBlionidsB. 

5.  Tupinambidse. 

Order  II. — Emydosauri. 

1.  Crocodilidae.  3.  Plesiiosauridse. 

2,  ?  4.  IcthiosauridsB 

6.  ^ — ? 

Order  IlL-^Chelonii. 

1.  TestudinidsB.  3.  Trionicidae. 

2.  Emydidee.  4.  SphargidsB. 

5.  CarettidsB. 

Order  IV. — Ophidii. 

1.  Crotalidee.  3.  Hydridaj.. 

2.  ViperidgB.'  4.  Colubridse.     . 
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^^k.  Xorindl  Grouft.  ABnecIanS  Groups. 

^^^  Order  V. — Saurophidii. 

^V     1.  Sincidae.  3.  Typhlopsidte. 

^B'    2.  Anguidfe.  4,  Amphisbxnidse. 

^H  5.  Chalcidse. 

K^  Theiast  family  agrees  with  fiome  of  the  Sauri,  ia  having  four  1 
legs  and  plates.  J 

The  first  of  these  columns  represents  the  natural  groupS  I 
which  have  the  diaracters  of  the  order  in  the  moat  perfect  state/  ' 
and  consequently  are  not  directly  allied  to  the  other  order, 
except  through  the  medium  of  the  annectant  families,  which  are 
the  first  (No.  3)  and  last  (No.  5)  of  the  right  hand  column  which 
are  themselves  united  together  by  the  central  (No.  4)  family  of 
each  group. 

The  two  fossil  families  may  be  the  type  of  Emydosauri ,  but 
the  group  is  so  imperfectly  known  at  present,  that  it  is  impossi- 
ble to  determine  it. 

Class  IV. — Amphibia. 

Body  with  a  soft  naked  skin ;  heart  with  one  auricule  and  one 
ventricule  ;  respiring  by  lungs  ami  gili,  and  often  by  lungs  only 
when  perfect ;  claws  none ;  head  articulation  to  the  vertebra  by  two 
condyles.  Blood  cold  ;  windpipe  membranaceous  ;  ribs  none,  or 
very  short  and  imperfect ;  egg  skin  membranaceous.  Animal 
often  changes  its  form  and  habit  during  growth ;  egg  fecundated 
after  they  are  deposited,  hatched  in  the  water  where  they  are 
laid.  They  do  not  only  difier  from  the  perfect  animal  by  having 
gills,  but  they  often  change  their  external  and  internal  conibrm- 
ation,  and  generally  gain  legs. 

This  class  contains  so  few  genera  that  it  is  scarcely  necessary 
to  divide  it  into  orders.  I  shall,  therefore,  for  the  present  merely 
divide  it  into  famihes,  which  may  be  considered  as  either, 

§1.  (J/idergoiiig  traiuformalhii ;  gills  dcciihwiis :  ej/eliils  three 
distiticl;  ipiiacttle  none.  Mutabilia,  Grai/.  The  larva  elon- 
gated, respiring  by  deciduous  gills. 

Order  i.  Afiov  a  A,  Diwteril.  Salientia,  Xr(«j'.  Batrachein, 
JUaiiiv. 

Fain.  I.  Ranadjt;, 

Body  short,  thick;  feet  four,, long;  tail  none;  drum  of  the 
ear  apparent;  sternum  and  clavicles  distinct.  Larva  elongate 
tailed,  apodous  ;  gills  turfted  on  four  cartilaginous  support,  co- 

Pyered  by  the  skin,  pierced  with  one  or  two  lateral  spiracules. 
•\ Ski II  shining. 
*Hf,Uiia 
Hyla,  Laur.     Calamita,  Sc/^iefrf. 
Body  slender ;  skin  mostly  smooth  ;  toes  all  dilated  at  the  end, 
Mi«>fettrth-oae  c^the  biodfeet,  of  a  m  d^ate  length. 
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'^H.  tinotorift;  Laur,  Rana  tinctoria,  Shaw.  4>#C.  intefviixtiis, 
Merrem.  ''^'^'^Calaimta,  bind  feet  semipnUnate.  H.  arboreus^ 
Schneid.  Raoa  arboreuS;  Lin.  ^'^^''^^Boanay  Grqjff  Granulated 
feet  palmate,  6  maxima*    Rana  Boans,  Ldn. 

*^Ranina. 

UxvAflAu^Laur.    Ranariat  iifi(^« 

Body  subventricose ;  skin  smooth ;  back  angular ;  ps^ratoid 
glands  none  externally ;  toe9  attenuated^  hind  ones  palmate,  the 
fourth  of  the  bind  foot  y^ry  long ;  teeth  in  the  jaws  and  palate. 

R.  temporaria,  Lin. 

MBGOPHRT9,  Kuhl. 

Body  ventricose;  skin  smooth;  back  convex;  toes  atttemi- 
ated,  the  hinder  ones  semipalmate ;  head  angular^  with  a  conical 
horn  over  each  eye.    The  Old  Continent. 

M.  Kuhlii,  nob.  Java  ? 

Ceratophrys,  Desm. 

Body  ventricose ;  skin  rough ;  back  convex ;  toes  attenuated, 
the  hinder  ones  semipalmate,  nearly  ec^xidl ;  head  angular,  with 
a  conical  horn  over  each  eye.    America. 

C,  Sebae,  nob,    Rana  comuta,  Lin. 

ffSkin  dull,  warty ^ 

***Bombinatorina. 

Breviceps,  Merrem* 

Body  ventricose ;  back  convex ;  skin  warty ;  no  external 
paratoids;  toes  attenuated;  the  head  bliint^  confluent;  piouth 
small,  not  extending  beyond  the  front  angle  of  the  eye  ;  teeth  in 
the  jaws. 

B.  gibbosus,  Merrem.    Rana  gibbosa,  Lin. 

BoMBiNATOR,  Merrem. 

Body  ovate;  back  convex ;  skin  warty  ;  no  external  paratoids; 
toes  attenuated,  the   fourth  of  the  hind  foot  longest ;   head 
rounded,  confluent ;  mouth  large,  extended  to  the  back  of  the 
eyes;  teeth  none. 
:    B.  ventricosa.    Rana  ventricosa,  Lin. 

^***Fiprina. 

PiPBA,  Laur. 

Body  ovate,  depressed ;  back  flat ;  skin  warty ;  no  external 
paratoids  ;  toes  attenuated  ;  head  triangular,  confounded  with 
the  body;  month  large;  the  young  are  hatched  on  the  back  of 
their  mother. 

P.  Tedo,  Merrem.    Rana  pipa,  Lin. 

***^^  Bufonind.  .  ^ 

%dy  s>rpi^j  buis;  iMfiTffi  i  «kiQ  WMrty  i  pt^^a^idi  pprpus. 


distinct;  t^^B  attentiated ;  h^  rpundedi  ewfonnded  wi^bthe 
body ;  mo^th  toQtble93^  ? 

*B.  vulgaris,  Laur.  Rana  Bufo,  Lin. '  O.  nasutus,  Spix. 
** Head  beaked.    Oxyrhychus,  Waaler. 

My  late  friend  Dr.  Ktihl  has  noticed  anoUier  gefnus  of  this 
family  under  the  name  of  Occido^na,  but  he  only  observes  that 
the  body  is  regularly  oval,  and  that  the  hind  legs  are  peculiar 
and  intermediate  between  the  frogs  and  toads. 

Order  2.  U^odela,  Dum.  Caudata,  Oppell.  Pseudogjatirii, 
Blainv. 

Fam.II.  Salamandrid^. 

Body  subcylindrical,  long;  feet  four,  short;  tail  distinct; 
sternum  and  clavicles  none.  Larva  with  four  feet;  branchia 
turfted,  three  on  each  side  exposed,  supported  by  cartilaginous 
rings,  covered  by  a  membranaceous  operculum. 

1.  Salamanbra,  Lai/r. 

Tail  round ;  paratoids  porous  ;  toes  4-6. 

S.  maculosa,  Laur.    Lacerta  salamandr^*  Litin 

2.  Triton,  Laur.  not  De  Montf.  Triturus,  Rajinesqne. 
Molge,  Merrem. 

Tail  compressed ;  paratoids  none  ;  tpes  4-5. 

The  axolotle  appears  to  be  the  larva  of  an  animal  of  this  genus, 
although  Sir  E.  Home  has  discovered  that  it  contains  eggs,  for, 
'according  to  Baron  Cuvier,  they  are  to  be  found  in  the  tadpoles. 
The  Sirex  opercularis  o{  Beauvois  (Phil.  Trans.  Philad.)  and  the 
Proteus  New  Caesariensis  of  Green  (Jour.  Acad.  Nat.  Sci.  Phil.) 
appear  also  to  be  larvae.  The  Trois  doigts  of  Lacepede  is  said 
to  be  a  true  lizard.  Latreille  formed  the  genus  tchytheosaurus 
of  the  larvae  of  this  genus. 

§  11.  Not  undergoing  any  transformation;  gill  none  or perma- 
nent ;  eyelids  two ;  spiracuks  distinct.     Amphipneusta. 

Order  3. — Sirenes,  Lin. 

Fam.  III.  SiRENiD^ii:. 

Branchia  persistent.  Skull  formed  of  several  distinct  bones  ; 
body  compressed  ;  legs  two '  or  four. 

^  Gill  flaps  distinct.     Proteina. 

Hypochthon,  Merrern.     Proteus  Laur.  not  Muller, 

Legs  four;  toes  3-2 ;  branchia  three  on  each  side,  fringed  ; 
body  subdepressed  ;  tail  compressed,  tinned ;  muzzle  depressed, 
long ;  jaws  with  teeth. 

H.  Laurentii,  Merrem.  Proteus  anguinus,  Laur.  rept.  37, 
t.  4^  f.  3.    Cuvier,  Humboldt,  Obs.  Zool.  i.  119.   Rusconi^  Anat. 

liurentii  included  in  hia  genus  the  Axolotie,  and  the  larva  of 
a  species  of  Triton, 
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MfiNOBRAKcHiTSy  Harlan.    Nectnras,  Raffinesqae. 

Legs  four;  toes  4-4  ;  branchia  three  on  each  side ;  body  sab- 
depressed  ;  tail  compressed ;  muzzle  truncated,  depressed ;  two 
rows  of  teeth  in  the  upper  and  one  in  the  lower  jaw. 

M.  Sayii>  nob.  Above  brown^  with  irregular  black  spots,  and 
a  black  band  arising  from  the  nostrils  passing  through  the  eye, 
and  dilated  on  the  sides,  becoming  obsolete  at  the  tau. 

Triton  lateralis,  Sauy  James,  Travds,  i.  303  ;  and  Anatomy, 
Jour,  of  Nat.  Sci.  PfiiL  iii ;  Siren,  Barton ;  Proteus,  Mitchell j 
Silliman^s  Journaly  iv. ;  Siren  lacertina,  Schneid.  H,  Amph.  i.48. 
Le  Comte,  1.  c.  57 ;  Menobranchus  lateralis,  Harlan  Acad, 
N.  S.  Phil.  iv. ;  Necturus  maculatus,  Rajjinesque,  Ann.  Nat.? 
Icon,  Acad.  Nat.  Sci.  Phil.  iv.  t.  xxi. 

Inhabit.  Ohio,  North  America. 

Mr.  Say,  in  his  description  of  this  animal,  pointed  out  the 
necessity  of,  and  the  character  by,  which  this  animal  should  be 
distinguished  from  Triton  and  JProteus. 

M.  tetradactylus.  Two  rows  of  teeth  in  each  jaw,  a  dujpli- 
cature  of  skin  forming  a  collar  just  before  the  gills. 

Le  tetradactyle,  I^cepede,  Ann.  Mus.  x.  M.  tetradactylus, 
Harlan,  1.  c. 

This  animal  is  considered  by  Mr.  Say  to  be  a  larva. 

**  Operculum  none.    Serenina. 

Siren,  Lin. 

Legs  two,  anterior ;  toes  five ;  branchiae  three  on  each  side, 
tripinnatifid ;  operculum  none ;  spiracules  three ;  body  long, 
subcylindrical ;  tail  compressed;  head  rounded;  teeth  in  the 
jaws  and  palate  ?  • 

S.  lacertina,  Lin.  Murcena  Siren,  Gmelinj  S.  N.  i.  1136; 
Mud.  Iguana,  Ellis,  Phil.  Trans,  t.  vi.  189.  Siren,  Pennant, 
Arctic  ZooL  ii.  335.?  Siren,  Camper,  in  BerL,  Ndturf.  viii.  482. 
Cuv.  Humb.  Obs.  ZooL  i.  98.  Anat. 

PSEUDOBRANCHUS. 

"  Legs  two,  anterior;  toes  three;  body  subcylindrical;  tail 
compressed  ;  spiracules  three,  furnished  with  a  fleshy  trilobate 
covering  (branchia),  the  lobes  entire  and  naked  ;  teeth  none/' 

P.  striata.  Siren  striata,  Le  Conte,  Ann.  Lyceum  Nat.  Hist. 
New  York,  i.  54,  t.  4. 

Mr.  Le  Comte  has  the  idea  that  neither  the  Siren  nor  this 
animal  breathe  by  the  lateral  appendages  usually  called  gills, 
which  he  thence  considers  as  the  covers  of  the  spiracules. 

Fam.  IV.  Amphiumidje. 

Branchia  none;  skull  formed  of  a  solid  bony  substance  ;  gill 
flaps  open  daring  life;  body  subcylindrical;  tail  compressed; 
legisfpur. 


!•  Abranchus,  Harlan^    Protonopsis,  Barton? 

Legs  four,  strong;  ioes  4-6;  the  tjuter  edge  of  the  feet 
fringed ;  the  outer  toes  of  the  hind  feet  palmated. 

A.  alleganensisy  Harlan  Journal  Nat,  Sci.  PhiL  .ir«  Sida* 
mandra  gigantea,  Barton* s  Account  of  Siren  Lacertinaf  p.  28. 
S.  alleganensis,  Latr.  Rept.  iu  253,  Molge  gigantea,  Merrejn, 
187,  not  Larva.    Hell  bender,  Ohio. 

Inhab.  Lakes  of  North  America.  ' 

2.  Au^Hivu A,  Garden.    Chryspdonta,  Jlii7c//el? 

Legs  four>  boneless;  toes  2-2,  outer  longest;  body  subcylln- 
drical;  tail  end  compressed ;  teeth  one  row  in  each  jaw,  and 
two  in  the  palate. 

Amphiuma  Means,  Garden.  Letter  to  Ellis,  in  the  CorreS" 
pondence  of  JLinnteu'Sy  i.  399,  to  Linnseus,  1.  c.  i.  333.  Sireni 
similis,  lAnndus's  Letter  to  Garden,  Siren  Lacertina,  Garden, 
Amer.  Acad. — JJ.  Harlan^  Jour.  Acad.  N.  S.PhiL  yii.  54.  (Ana- 
tomy.) Phil.  Mag,  1 824,  Chrysodonta  larvae  formis,  N.  Y. 
Medical  Reporter,  i. 529.'   Inhab.  North  America. 

Order  4.  Apoda,  Merretn.    Pseudophidii,  Blain. 

Fam.  V,  C^ciLiADiE. 

Branchia  none;  head  depressed,  formed  of  a  Solid  bony  sub- 
stance ;  teeth  in  the  jaws  and  palate;  legs  none;  body  cylindri- 
cal ;  tail  short,  blunt ;  anus  round,  nearly  terminal. 

1.  CECILIA,  Lin. 

C.  tentaculata,  Lin.     Ibiare,  Lacepede. 

So  very  little  is  known  of  this  curious  class  of  animals,  that 
it  is  impossible  to  say  any  thing  with  respect  to  the  connexion 
which  exists  between  the  families  or  orders;  but  that  such 
an  affinity  does  exist  must  be  obvious  to  every  one  who  coi>- 
siders  the  difficulty  of  distinguishing  them.  I  have  attempted  to 
bring  together  all  the  species  that  have  been  described  of  the 
Siienidse  and  Amphisumidse,  as  Merrera  (the  last  work  published 
on  the  species  of  Amphibia),  describes  only  two  of  these  animals. 
It  is  to  be  hoped  that  Mr.  Say  aqd  Dr.  Harlan  will  continue 
their  researches,  that  have  so  much  illustrated  a  group,  which 
has  particularly  attracted  the  attention  of  Ellis,  Garden,  Linnaeus, 
Cuvier,  Schreiber,  Rusconi,  and  Sir  Everard  Home. 
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Article  VIIL 


T.  yJj^uence.  of  the  Moon  on  Atdmal  and  Vegetable  Economy. 
.......  By  Mr.  N.  Mill. 

(To  the  Editors  of  the  Annah  of  Philosophy.) 

m 

GENTLEMEN,  jidfUngton-tquare,  CambwweU,  Aug.S^  1825. 

The  subject  of  the  moon's  influence  has  engaged  but  very 
little  of  the  attention  of  the  philosophical  world,  and  with  the 
exception  of  the  theory  of  the  tides,  has  been  scarcely  noticed.  Its 
influence  in  protnoting  and  accelerating  animal  decomposition 
is  known  only  to  a  certain  class  of  persons,  not  the  most  re- 
nowned indeed  for  studying  the  doctrine  of  cause  and  effect, 
or  extending  philosophical  knowledge ;  (namely),  persons  in 
the  Navy  and  Company's  service ;  but  who,  nevertheless,  are 
sufficiently  alive  to  interest.  It  is  a  fact  well  established  and 
authenticated  by  numbers  of  these  gentlemen,  who  have  ex- 
perienced heavy  losses  thereby,  that  if  an  animal  fresh  killed, 
be  exposed  to  the  full  effulgence  of  the  moon  at  certain  seasons, 
and  in  certain  places,  a  very  few  hours  only  will  be  sufficient 
to  render  the  animal  so  exposed  a  mass  of  corruption ;  whilst 
another  animal,  not  exposed  to  such  influence,  and  only  a  few 
feet  distant,  will  not  be  in  the  slightest  manner  affected.  It 
would  be  impossible  in  the  present  imperfect  state  of  our 
knowledge  of  this  luminary  and  its  influence,  to  draw  any  just 
conclusions  from  so  few  facts  as  have  been  collected  upon  this 
subject;  but  it  will  be  most  desirable  ta  accumulate  them  as 
•much  as  possible  in  order  to  deduce  some  accurate  reasoning 
from  them  ;  I  therefore  subjoin  some  facts  which  have  come  to 
my  knowledge  of  the  highest  practical  importance  to  this 
maritime  nation ;  and  the  disclosure  of  which,  I  trust,  will  open 
a  field  for  investigation  that  has  hitherto  been  uncultivated 
•and  neglected.  The  influence  of  .the  moon  on  vegetation  has 
not  altogether  been  unobserved,  because  fruit  when  exposed  to 
moonshine  has  been  known  to  ripen  much  mere  readily  than 
that  which  has  not ;  and  plants  shut  out  from  the  sun's  rays 
.  and  from  hght,  and  consequently  bleached,  have  been  observed 
to  assume  their  natural  appearance  if  exposed  to  the  effulgence 
of  the  moon.  These  are  also  facts  fully  established,  but  from 
which  no  rational  theory  has  been  drawn.  A  very  intelligent 
gentleman,  named  Edmonstone,  who  was  for  nearly  30  years 
engaged  in  cutting  timber  in  Demerara,  and  who  had  made  a 
number  of  observations  on  trees  during  that  period,  has  done 
me  the  favour  to  give  me  explicit  answers  to  a  series  of  queries 
which  I  presented  for  his  inspection;  and  which,  I  doubt  not, 
will  be  appreciated  as  they  merit,  1  shall  present  them  in 
detail  witn  the  answer  to  each. 


^BbS6.]  Mr.  Mill  on  the  Moon's  hijinence.  Q19 

^^  Question. — '1st.  Influence  of  the  moon  on  vecretation  ? 
^HL  Antwer. — I  have  paid  but  little  attention  to  the  moon's  in- 
^^Suence  on  any  thing  exposed  to   it  but  trees ;  the  moon's  in- 
fluence, however,  on  these  is  very  great.     So  observable  is  this, 
that  if  a  tree  should  be  cut  down  at  full  moon,  it  would  imme- 
diately split,  as  if  torn  asunder  by  the  influence  of  a  great  ex- 
ternal force  applied  to  it.    This  separation  of  its  parts  takes 
place,  I   presume,   owing   to  the  immense  quantity  of  juice 
which  is  contained  in  the  body  of  the  tree.     In  consequence  of 
this,  trees  cut  at  full  moon  are  of  comparatively  little  use  ;  in  a 
very  short  time  afler  being  cut  down,  they  are  attacked  by  a 
moth  somewhat  similar  to  what  is  often  found  in  American 
flour.     Trees  cut  down  at  this   season  are  likewise  attacked 
,  juuch  earlier  by  the  rot,  than  if  allowed  to  remain  to  another 
eriod  of  the  moon's  age. 
'■  Question. — 2ud.  The  nature  of  the  trees? 
p  Answer. — It  is  impossible  to  give  in  this  small  space  a  state- 
tent  of  the  different  trees  to  be  met  with  in  the  West  India 
fplands   and  our  Colonies  in   South  America.      They  are  as 
10erent  as  those  are  which  we  have  in  our  own  country,  indeed 
»  far  more  numerous,  . 
QMestioH. — 3rd.  If  evergreens  ''. 
^t. Answer. — All   the  trees   in  those   countries   may  be  stiled 
pergreene,  as  there  is  a  constant  succession  of  leaves  upon  them 

^  Question. — 4th.  Their  names'? 

[n  Answer. — With  the  scientific  names  of  the  various  trees  to  be 

[bund  in  our  colonies  in  the  West  Indies  and  South  America,  I 

1  unable  to  supply  you.     The  names   given  to  the  most  of 

em  are  Indian  names  applied  to  them  by  the  natives. 
^  Question. — 5th.  If  usually  cut  at  particular  or  in  all  seasons? 
,  Answer. — The  trees  intended  to  be  applied  to  durable  purposes, 

B  cut  only  during  the  first  and  last  quarters  of  the  moon,  for 

e  reasons  mentioned  in  the  answer  to  question  1 . 

Question. — 6th.  If  the  sap  rises  during  the  absence  of  the 
Rioon,  or  during  its  effulgence  ? 

I  Answer. — The  sap  rises  to  the  top  of  the  tree  at  full  moon, 
md  falls  in  proportion  to  the  moon's  decrease. 

Question. — 7th.  Whether  comman  to  all  trees  or  only  to 
certain  species? 

Ansjcer. — The  influence  of  the  moon  over  the  rising  and 
falling  of  the  juice  of  trees  is  common  to  all  the  species  of  trees 
with  which  I  am  acquainted.  I  had  occasion  to  observe  these 
ell'ects  in  the  experience  of  30  years  amongst  the  various  kinds 
of  wood  with  which  the  colonies  of  South  America  abound. 

From  this  statement,  it  appears  obvious,  that  trees  cut  at  the 
Jail  of  tlie  moon  will  yjUt  as  if  torn  asunder  by  great  external 
force  i  that  they  are  moiie  liiibla  to  the  attacks  of  worms:  that 
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they  are  attacked  much  earlier  by  the  rot ;  and  that  the  sap  rises 
to  tht  top  of  the  tree  at  full  mooiif  and  falls  in  proportion  to  the 
moon's  decrease ;  and  this  effect  is  common  to  all  species  of  trees 
wi^  which  this  gentleman  was  acquainted* 

It  will  be  perceived  that  these  observations  are  confined  to 
the  continent  of  South  America  and  islands  adjoi^g;  but  if 
the  moon  has  a  correspondent  influence,  in  other  countries^ 
(which  there  is  no  reason  to  doubt)  and  this  gentlemaa's  ob- 
servations be  correct,  the  practical  importance  of  them  in 
felling  timber  deserves  the  utmost  thanks  from  those  persons 
who  are  in  any  way  interested  in  practices  of  this  kind,  as  well 
as  from  society  at  large. 
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Article  IX. 

Analyses  ot  Books. 

Philosophical  Transactions  of  the  Royal  Society  of  J^ondi 

1824.    Pari  IL 

{Concluded  ffom^,  65  J) 

XVI.  A  ComparisQH  of  Barometrical.  Measurement ,  with  the 
Trigonometrical  Determination  of  a  Height  at  Spitsbergen^  By 
Capt.  E.  Sabine,  FRS.  /, 

An  account  of  the  results  of  this  comparison  will  be  foiij^d  in 
the  Annals  for  May,  1824,  p.  385.  '  ■.,....  . 

XVII.  Experimental  Inquiries  relative  to  tlie  Distribution  and 
Changes  of'  the  Magnetic  Intensity  in  Ships  of  War.  By  George 
Harvey,  Esq. :  communicated  by  John  Barrow,  Esq.  FKS. 

We  should  not  be  able  to  give  our  reac^ers  an  adequate  idea 
of  the  results  of  these  inquiries,  occupying  above  forty  pages  of 
the  Transactions,  in  the  confined  space  we  could  devote  to  the 
subject,  and  must,  therefore,  jefer  them  to  the  paper  itself. 
This  we  must  also  do,  and  tor  the  same  reason,  with  respect  to 
another  valuable  paper  by  Mr.  Harvey,  mentioned  below,  but  of 
which  a  short  notice  has  already  appeared  in  the  Annals.  ; 

XVIII.  Experiments  on  tlie  Elasticity  atul  Strength  of  Hard 
and  Soft  Steel.  In  a  Letter  to  Thomas  Young,  MD.  For.  Sec. 
RS.    By  Mr.  Thomas  TredgoW,  Civil  Engineer. 

"  If  a  piece  of  very  hard  steel  be  softened,"  Mr.  Tredgold 
states,  addressing  Dr.  Young,  *'  it  is  natural  to  suppose  that  the 
operation  will  produce  a  corresponding  change  m  the  elastic 
power,  and  that  the  same  load  would  produce  a  greater  flexure 
in  the  soft  state  than  in  the  hard  one,  when  all  other  circum- 
jiteQceft  were  the  same.  Mr.  Coulomb  inferred  from  some  com- 
iiiuMri^^  that  the. state  of 
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temper  does  not  alter  the  elastic  force  of  steel ;  and  your  Exj 
rimcnts  on  Vibration  led  to  the  eame  conclusion  (Nat.  Phife 
it.  403).  But  the  subject  appeared  lo  require  further  investigi 
tioii,  and  particularly  because  it  afforded  an  opportunity  of  asoe 
taining  some  other  facts  respecting  steel,  which  had  not  be* 
before  cxamiued. 

"  In  makincr  the  expeiiments  which  I  am  about  to  describe, 
each  bar  waa  supported  at  its  ends  by  two  blocks  of  cast  iron. 
These  blocks  rested  upon  a  strong  wooden  frame.  The  scale 
to  contain  the  weights  was  suspended  trom  the  middle  of  the 
ienjith  of  the  bar,  by  a  cylindrical  steel  pin  of  about  ^ths  of  an 
inch  in  diameter.  And  as  in  experiments  of  this  kind  it  is  defii- 
rahle  to  have  the  means  of  raising  the  weight  from  the  bar,  with- 
out altering  its  position,  in  order  to  know  when  the  load  is 
suiHcient  to  produce  a  permanent  chanoe  of  structure,  1  have  a 
powerful  screw  with  a  fine  thread  fixed  over  the  centre  of  the 
apparatus,  by  which  the  scale  can  be  raised  or  lowered,  when 
the  cords  on  which  the  screw  acts  are  looped  on  to  the  cross  pin 
by  which  the  scale  is  suspended, 

"  To  measure  the  flexure,  a  quadrantal  piece  of  mahogany  is 
fixed  to  the  wooden  frame ;  two  guides  are  fixed  on  one  edge  of 
the  mahogany,  in  which  a  vertical  bar  shdes,  and  gives  motion 
to  an  index.  The  bar  and  index  are  so  balanced,  thaz  one  end 
of  the  bar  bears  with  a  constant  pressure  on  tbe  specimen,  and 
the  graduated  arc  over  which  the  index  moves  is  divided  into 
inches,  tenths,  and  hundredths  ;  and  thousands  are  measured  by 
a  vernier  scale  on  the  end  of  the  index.  There  is  a  screw  ai 
the  lower  end  of  the  vertical  bar,  by  which  the  index  is  set  to 
zero,  when  necessaiy. 

"The  first  trials  were  made  with  a  bar  of  blistered  steel  of  a 
very  good  qoaUty.  It„>vas  drawn  out  by  the  hammer  to  the 
width  and  thickness  I  had  fixed  upon,  and  then  filed  true  and 
regular.  It  was  then  hardened,  and  tempered  to  the  same 
degree  of  hardness  as  common  files. 

"  The  total  length  of  the  bar  was  14  inches;  the  distance 
between  the  supports  13  inches  ;  the  breadth  of  the  bar  0  93 
inches,  and  the  depth  0'375  inches;  the  thermometer  varied 
from  55°  to  57°  at  the  times  of  trial- 


lbs,  iocha, 

'  With  a  load  of  J4  the  depression  in  the  middle  was  0'02 

82  0-03 

110  0-04.- 


The  last  load  remained  on  the  bar  some  hours,  but  produced 
permanent  alteration  of  ibrni. 

"  The  lemper  of  the  bar  was  then  lowered  to  a  rather  deep 
straw  yellow,  and  it  was  tried  again;  when  the  same  loads  pro- 
duoed  exactly  the  same  flexures  as  befcre. 


i 


aear  Anaitfm  of  Booia.  [S»t; 

'<  Hie  temper  was  tiien  lowered  till  the  colour  was  an  uniform' 
btae,  or  ftpring  temper ;  and  the  trials  were  repeated  with  the 
same  loads ;  but  the  flexures  were  still  the  same. 

"  It  was  now  heated  to  redness  and  very  slowly  cooled.  In 
this  state  the  same  loads  still  produced  the  same  flexures ;  and* 
the  load  of  1 10  lbs.  caused  no  permanent  change  of  form. 

**  The  bar  was  hardened  again,  and  made  very  hard ;  in  this 
state  the  same  loads  produced  the  same  flexures ;  and 

lbs.  inches. 

with  a  load  of  300  the  depression  in  the  middle  was  0-115 

360  0-130 

680  broke. 

When  the  bar  was  relieved  from  the  load  of  350  Ib^.  it  retained 
a  permanent  flexure  of  0*005  inches,  which  increased  to  0*01 
with  the  addition  of  10  lbs.  to  the  load. 

'^  I  found  that  a  bar  of  much  greater  length  might  be,  tempered 
without  difficulty,  and  therefore  had  another  bar  made  of  the 
same  kind  of  steel;  the  length  of  which  being  26  inches^  •  about 
double  the  flexure  could  be  given  with  the  same  strain  upon  tlie 
material,  and  therefore  any  small  degree  of  diflbrence  in  the 
elastic  force  might  be  more  easily  detected,  for  the  preceding 
experiments  are  sufficient  to  show  that  if  there  be  any  aifierence^ 
it  must  be  extremely  small. 

*^  The  breadth  of  this  bar  was  0*92  inches ;  the  depth  0'36 
inches;  and  the  distance  between  the  supports  24  incheSt  It 
was  soft,  so  as  to  yield  easily  to  the  file* 

lbs.  indieg. 

''With  a  load  of  18*6  the  depression  in  the  middle  was  0*06 

37-0  0-10 

47*0  0-127 

The  bar  was  then  hardened,  so  that  a  file  made  no  impression 
on  any  part  of  it,  and  the  same  loads  did  not  produce  flexures 
that  were  sensibly  difierent  from  those  in  the  soft  state. 

''  I  then  lowered  the  temper  till  it  assumed  an  uniform  straw 
colour;  when 

Ib^.  inches. 

with  a  load  of  47  the  depression  in  the  middle  was  0*127 

85  0*230 

130  0*350 

160  0-400 

The  load  of  150  lbs.  produced  a  permanent  set  of  0*012,  but 
130  lbs.  produced  no  sensible  eflect.  The  loading  was  conti- 
nued, and 

lbs.  inches. 

with  185  the  depression  in  the  middle  was  0*50 
385  1-04 
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When  385  lbs.  had  been  upon  the  bar  abottt  ft  minute;  it  eimitted' 
a  faint  creaking  sound,  and  consequently  I  ceased  to  add  fresh- 
weights  ;  in  about  fouiteeu  minutes  the  bar  broke,  exactly  ih  the 
middle  of  the  length. 

"  On  comparing  the  fractured  of  the  specimens,  there  was  no' 
apparent  difference  except  in  colour.  The  grain  was  fine  and* 
equal ;  the  small  sparkles  of  metallic  lustre  abundant,  and 
equally  diffused ;  but  in  the  harder  specimen  they  had  a  whiter 
ground. 

'*  From  these  experiments  it  appears  that  the  elastic  force  of 
steel  is  sensibly  the  same  in  all  states  of  temper. 

''  The  height  of  the  modulus  of  elasticity,  calculated  by  the 
formula  you  have  given  in  your  Nat.  Phil.  (vol.  ii.  p.  48)  is. 

According  to  the  first  experiment 8,827,300  feet. 

And  according  to  the  second  experiment.,  8,810^000 

*'  Now  the  height  of  the  modulus,  as  you  had  determined  it 
for  steel  by  Experiments  on  Vibration,  is  8,530^000  feet  (Nat^ 
Phil,  ii;  p.  86).  The  modulus  for  cast  steel  calculated  from 
Duleau's  experiments  (Essai  Th6orique  et  Experimental  sur  le' 
Per  forg6,  p.  38)  is  2,400,000  feet,  and  for  German  steel 
6,6OO',0OO  feet. 

"  The  force  which  produces  permanent  alteration  is  to  that 
which  causes  fracture  m  hard  steel,  as  350  :  580;  or  as  1  :  1*66 
in  the 'same  steel  of  a  straw  yellow  temper  as  150  :  385,  or  as 
1  ^  2-5a  ^  * 

'*  When  the  tension  of  the  superficial  particles  at  the  strain 
which  causes  permanent  alteration  is  calculSited  by  the  formula 
given  in  my  Essay  on  the  Strength  of  Iron,  p.  146, 2nd  Edition, 
it  is  45,000  lbs.  upon  a  square  inch  in  tempered  steel ;  and  the 
absolute  cohesion  115,000  lbs.  Mr.  Rennie  found  the  direct 
cohesion  of  blistered  steel  to  be  133,000  lbs.  (Philosophical 
Transactions  for  1 8 1 8 .) 

*'  But  in  the  very  hard  bar,  the  strain  which  produced  perma- 
nent alteration  was  51,000  lbs.  for  a  square  incn,  and  the  abso- 
lute cohesion  only  85,000  lbs. 

'*  From  these  comparisons  I  think  it  will  appear,  that  in  thd 
hardening  of  steel,  the  particles  are  put  in  a  state  of  tension 
among  themselves,  which  lessens  their  power  to  resist  extra-r 
neous  force.  The  amount  of  this  tension  should  be  equal  to  the 
difference  between  the  absolute  cohesion  in  different  states. 
Taking  Mr.  Rennie's  experiment  as  the  measure  of  cohesion  in 
the  soft  state,  it  will  be  133,000  -  115,000  =18,000  lbs.  fot 
the  tension  with  a  straw  yellow  temper ;  and  133,000  —  85,000 
=  48,0001bs.  for  the  tension  in  hard  steel.  And  if  this  view  of 
the  subject  be  correct,  the  phenomena  of  hardening  may  be 
explained  in  this  manner,  which  nearly  agrees  with  what  you 
have  observed  in  your  Lectures,  I,  p.  644 :  after  a  ^iece  o€  ^ta^V 
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has  been  raised  to  a  proper  temperature,  a  cooling  fluid  is 
applied  capable  of  abstracting  heat  more  rapidly  from  the  sur- 
face than  it  can  be  supplied  from  the  internal  parts  of  the  steel. 
Whence  the  contraction  of  the  superficial  parts  round  the  central 
ones  which  are  expanded  by  heat ;  and  the  contraction  of  the 
central  parts  in  cooling,  wnile  they  are  extended  into  a  lareer: 
space  than  they  require  at  a  lower  temperature,  produces  that 
uniform  state  of  tension,  which  diminishes  so  much  the  cohesive 
force  in  hard  steel.  The  increase  of  bulk  by  hardening. agrees 
with  this  explanation ;  and  it  leads  one  to  expect,  that  any  other 
metal  might  be  hardened  if  we  could  find  a  means  of  abstracting 
heat  with  greater  velocity  than  its  conducting  power.'* 

XIX.  A  short  Account  of  some  Observations  made  with  Chrono* 
meters  J  in  two  Expeditions  sent  out  by  ihe  Admiralty  ^  at  the 
Recommendation  of  the  Board  of  Longitude^  for  ascertaining  the 
Longitude  of  Madeira  and  of  Falmouth.  In  a  Letter  to  Thooras 
Young,  Ml).  For.  Sec.  RS.  and  Secretary  to  the  Board  of  Lon- 
gitude.   By  Dr.  John  Lewis  Tiarks. 

Dr.  Tiarks  terminates  this  article  with  the  follovving  summary 
of  the  ultimate  results  he  has  obtained:-^ 

"  From  the  foregoing  observations  we  may  now  conclude^ 
that  the  longitudes  laid  down  in  the  account  of  the  Survey  will 
deviate  from  the  truth,  in  the  same  proportion  in  which  the  paral- 
els  of  latitude  on  a  spheroid,  having  the  degree  of  the  meridiao^ 
in  latitude  50^  4V  equal  to  that  of  tiie  earth,  and  the  ellipticity 
.,-fg.  differ  from  tbope  of  the  terrestrial  spheroid,  the  compressioii 
of  which  is  nearly  -rpf^.  The  following  comparisons  will  further 
illustrate  the  subject.  If  the  radius  of  Uie  Equator  be>=3486908 
fathoms,  and  the  semi-axis  of  the  earth  =  3475660  fathoms, 
which  is  nearly  the  result  of  the  measurements  in  France,  and 
Bouguer's  in  Peru,  and  corresponds  to  the  compression -j^-jj,  the 
length  of  the  degree  perpendicular  to  the  meridian  in  latitude 
50°  4r  will  be  60975'7  fathoms.  For  the  spheroid  adopted  in 
the  Survey,  that  degree  is  found  61,182  fathoms.  The  ratio  of 
these  numbers  is  296  :  297,  and  the  correction  of  the  longitudes 
would  be  -^pj^;  the  same  correction  is,  by  the  chrono metrical 
observation,  -y^.  The  length  of  the  geodetical  line  BD,  sup- 
posing the  difference  of  lon&^itude  as  determined  in  the  account 
of  the  Survey,  viz.  1°  26'  47''-93^  would  be  338231  feet ;  whereas 
it  was  found  to  be  339397*6  feet;  but  if  the  longitude  be 
increased  in  the  ratio  determined  by  the  chronometers,  the  line 
will  be  339334  feet,  which  is  only  6o-6  feet  short  of  the  measure- 
ment. The  spheroid  resulting  from  the  compression  which 
would  make  the  difference  of  longitude  of  B  and  D=  P  27'  4*76?' 
(as  it  ought  to  be  according  to  the  results  of  the  chronometers), 
And  from  the  degree  of  the  meridian  in  latitude  60^41',  viz. 
0OS61  fathoms,  would  have  these  dimensions :  radius  of  the 
^fffiJ^Tjsi  3487907  fathoms;  semi-^^is  =  3476687  fathoms; 
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compression  3-!^..  The  results  of  the  chronoraetrical  observa- 
tions are  therefore  as  much  as  could  be  expected  in  accordance 
with  the  correct  determinations  of  the  figure  of  the  earth." 

XX.  Of  the  Effects  of  the  Dem'ity  of  Air  o»  the  Hates  of 
Chronometers.  By  George  Harvey,  PRSE.  &c,:  commutiicated 
by  Davies  Gilbert,  Eaq.  VPRS. 

See  above  ;  and  Ainials  for  May,  1824,  p.  392. 

XXI.  A  Letter frmt  L.  W.  Ditlwyn,  Esq.  FRS.  addressed  to 
Sir  Humphry  Davy,  Bart.  PRS. 

We  gave  m  onr  seventh  volume,  p.  177,  Mr.  Dilhvyn's  former 
lettflf  on  the  interest!  ngsubject  of  the  geological  distribution  of 
Tossil  shells,  and  the  facts  in  the  history  of  the  creation  which  it 
indicates :  we  now  extract  his  present  communication. 

"  1  beg  leave  to  ofier  to  the  Koyal  Society  some  further  obser- 
vations on  the  relative  periods  at  which  different  families  of 
testaceous  animals  appear  to  have  been  created,  and  on  tha 
giadual  approximation  which  may  be  observed  in  our  British 
strata,  from  the  fossil  remains  of  the  oldest  formations  to  the 
living  inhabitants  of  our  land  and  waters. 

"  The  series  of  strata   beginning  with  transition   lime  and 
ending  with  lias,  contains  shells  belonging  to  various  genera  of 
conchifera,  cephalopoda,  annelides,  ;ind  herbivorous  tracheli- 
poda;  and  also  some  other  shells,  as  for  instance,  the  multilocu- 
iar  and  spiriferous  bivalves,  which  cannot  be  referred  to  -either 
of  those  natural  orders,  or  groups  of  genera,  into  which  ail  the- 
other  testacea,  both  recent  and  fossil,  have  been  divided.     Itt  J 
the  simple  bivalves  belonging  to  these  strata,  the  marks  whiclM 
best  serve  to  distinguish  their  families  are  generally  obhteratedM 
and  but  little  more  can  with  any  certainty  be  observed,  than  thatfl 
the  two  orders  into  which  Lamark  has   divided   them,   havef 
existed  together  throughout  every   formation   from  transitiotfW 
rocks  to  the  present  day.     An  examination  of  the  few  perfect* 
specimens  which  1  have  met  with,  however,  leads  me  to  suspectl 
that  all  the  dimyaria  of  these  strata  have  the  ligament  external;/ 
and  consequently,  that  internal  ligaments  were  confined  to  thfr-'' 
monomyatiia,  till  after  the  lias  had  been  deposited. 

'•  Id  the  secondary  beds  above  the  lias,  all  the  shells  may  b 
referred  to  some  of  our  now  existing  orders  of  animals,  and  thi'l 
extinction  of  the  unknown  orders  is  immediately  followed  by  tha* 
first  appearance  of  another  order  of  mollusca,  to  which  Lamarck^ 
has  limited  the  name  of  gasteropoda,  and,  as  was  tirsl  suggested'! 
to  me  by  Mr.  Miller,  all  those  fossils  of  the  older  strata,  which;  J 
have  been  supposed  to  he  inside  and  outside  casts  of  patelts^il 
were  obviously  foi-med  in  the  concave  sides  of  the  vertebra,  ot  J 
by  the  intervertebral  cartilat^ijs  of  a  fish.     As  a  few  of  the  carni- 
vorous trachelipoda  are  said  to  have  been  found  in  the  oolites, 
their  first  appearance  may  probably  be  referred  to  the  same 
epoch  ;  but  1  have  not  myself  been  able  to  delect  either  of  the 
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families  of  ihia  section  of  ^r^phelipoda  ia  any  secondary  bedp 
excepting  the  denuded  tracts  of  green  sand  in  Pevpnshire ;  and 
there,  perforations  exactly  similar  to  those  which  abound  among 
tertiary  and  recent  shells  are  also  of  frequent  occurrence, 
although  1  have  never  met  with  any  such  perforatiqn  in  any 
other  secondary  formation,  nor  even  in  any  of  those  regular  bed$ 
of  green  sand,  which  actually  underlie  the  chalk  in  other  coun- 
ties. I  am  not  enough  of  a  geologist  to  decide,  as  to  whether 
any  admixture  of  secondary  and  tertiary  fossils  may  possibly 
have  taken  place  when  these  denudations  were  made,  but  I  can 
in  no  other  way  account  for  the  fact,  that  all  the  species  which 
have  been  perforated,  as  well  as  the  carnivorous  trachelipodes 
themselves,  are  nearly  similar  to  those  of  the  London  clay  ;  and 
I  have  never  been  able  to  find  any  such  perforation  in  either  of 
those  species  which  are  found  in  uie  more  regular  beds  of  greea 
sand,  and  which  are  sometimes  mixed  with  them.  These  per* 
forations  may  be  readily  distinguished  from  those  more  oblique 
and  lateral  burrowings  which  are  often  found  in  secondary  fos- 
sils, and  are  always  conveniently  formed  for  suction  by  being 
broadest  in  the  outer  surface,  and  go  straight  through  that  part 
of  the  shell  which  is  immediately  over  the  animal ;  whereas  in  th^ 
latter  the  holes  are  cylindrical,  and  much  more  resemble  the 
indiscriminate  burrowings  which  are  common  in  recent  oyster 
shells. 

"  In  my  former  Letter,  which  the  Royal  Society  has  done  me 
the  honour  to  publish  in  the  Philosophical  Transactions  of  last 
year,  I  have  pointed  out  some  of  the  changes  which  took  plape 
immediately  after  the  chalk  formation  was  completed ;  and  of 
the  British  strata  it  may  be  further  observed,  that  it  is  only  \n 
the  tertiary  beds  that  any  traces  of  the  cirrhipeda,  or  of  any  of 
the  families  of  naked  moUusca  have  been  found.  The  beak, 
which  has  been  figured  by  Blumenbach,  and  which  among  the 
fossils  of  the  lias  is  mentioned  by  Conybeare  and  PhiUips  as  thjs 
beak  of  a  sepia,  belonged,  as  1  think,  unquestionably,  tp  the 
cephalopode  animal  of  an  ammonite  ;  and  it  sufficiently  resem- 
bles the  lower  mandible  of  the  parrot-like  beak  which  Rumphii^i 
has  described  of  nautilus  pompilius.  As  might  be  expected^  if 
these  mandibles,  or  rather  casts  of  mandibles,  belong  to  the 
ammonites,  they  differ  generically  in  shape  from  those  of  every 
living  genus  of  cephalopoda  whiph  has  been  figured  or 
described,  and  I  have  found  them  in  all  those  beds ;  and,  so  far 
as  1  can  ascertain,  they  have  been  discovered  in  those  beds  only 
of  the  lias,  lower  oolite,  and  chalk,  which  contain  the  larger 
ammonites.  From  the  greater  tenuity  of  these  beaks  in  the 
smaller  species,  they  may  probably  have  yielded  to  pressure, 
and  decay  before  the  mud  which  fiUed  them  had  become  suffi- 
ciently hard  to  retain  their  shapes ;  and  as  the  lower  mandibles 
'  ■  Aftbe  ^phalopoda  are  tdways  much  larger  and  thicker  than  the 
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upper  oDeS)  Che  QOn-ap^earaiice  of  any  of  ^e  latter  may  ht  1 
uccQuated  for  in  the  same  way.  The  sepim  are  aioreover  fax*  *,| 
iiished  with  one  of  those  thick  dorsal  plates  which  are  commoai|i  i 
called  cfuttU'tish  tiontis,  and  moat,  if  not  all  th$  other  aeptadee,  J 
contaiij  an  internal  horny  substance  of  the  same  nature,  whit^  I 
is  generally  at  least  as  thick  and  durable  as  the  mfindibles  ;  &at  f 
if  the  fosiiil  beaks  of  the  secondary  strata  belonged  to  this  | 
family,  then,  in  all  probabiUty,  some  of  the  dorsal  plates  woi)!^-  I 
be  found  with  them;  but  nothing  ofthe  kind  has  been  discovered  1 
ia  any  older  British  stratum  than  the  London  clay.  So  far  froOk  I 
being  able  to  detect  any  traces  of  the  naked  molluaca,  I  liav%  1 
not  been  able  to  tind,  in  -the  secondary  strata,  either  of  thoaq|.l 
ehelU  by  which  the  animal  is  only  partially  covered,  nor  any  o^  T 
those  of  the  convolutse,  which  necessarily  change  their  shells  a^  I 
(hdTerent  periods  of  their  growth,  and  of  which  the  animal  mustf  j 
therefore  occasionally  remain  exposed,  till  a  fresh  coat  of  calc^^  i 
leoaa  matter  has  been  secreted.  In  my  former  Letter  I  havs,  i 
stated,  that  all  the  marine  spirivalves  of  the  secondary  strata*  J 
belong  to  operculated  genera,  and  these  observations  serve  stiQ.  I 
mor?  strikingly  to  prove  that,  till  the  chalk  deposits  were  con^rl 
pleted,  the  moUusca,  in  our  latitude,  required  a  moro  perfects  f 
protection  either  from  their  enemies,  or  from  the  surrounding!  1 
element,  than  afterwards  became  necessary.  ,   ' 

"The  same  gradual  approximation  towards  recent  shella»<.  i 
which  may  be  traced  in  the  older  strata,  is  also  carried  OBj  I 
through  the  tertjjfy  formations,  and  the  affinity,  which  is  com-  [ 
plete  with  respect  to  orders  in  secondary  beds  above  the  liasu  1 
becomes  further  extended,  and  every  tertiary  shell  may  be  referrt  I 
red  to  some  existing  genus ;  but  though  the  approximation  hai^  I 
proceeded  thus  far  in  the  London  clay,  yet  all  its  immensely  f 
numerous  species  are  now  extinct ;  and  it  is  only  in  those  uppecm  I 
moet  beds  of  crag,  which  lie  between  the  London  clay  and  omch  J 
present  creation,  that  any  fossil  can  be  completely  identifie^g-  ] 
with  a  living  species :  the  shells  which  may  be  thus  identified  I 
are  however  mixed  with  many  extinct  species ;  and  though  the^^  I 
fossils  of  the  crab  appear  generally  to  have  belonged  to  a  warmec,  f 
chmate  than  ours,  yet  their  character  is  much  less  tropical  thaa^  J 
those  of  the  London  clay,  and  in  every  respect  they  all  approach 
nearer  to  the  present  inhabitants  of  the  British  coasts.  <  t, 

"  I  have  already  observed,  that  the  shells  of  unknown  families , 
are  confined  to  the  beds  below  the  lower  oolite;  and  in  all  th^. 
upper  formations  a  relationship  is  cumpleted  between  fossil  and   . 
recent  shells  in  the  following  regularly  approximating  series.    ImfJ 
the  secondary  strata  above. the  lias  as  to  natural  orders,  in  tha.,.] 
Loudon  clay  as  to  genera,  and  partially  as  to  species  in  the  crs^. 
"  These  observations  refer  exclusively  to  the  animals  of  the 
9lh,  10th,   11th,  12th,  and  13th  classes  of  invertebrata  in  La- 
marck's arrangement;  and  whether  the  same  sort  of  regularly 
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approximating  affinity  can  be  obseired  in  the  other  classes,  I 
'  must  leave  it  for  those  who  are  more  conversant  with  them  to 
decide." 

XXII.  An  Account  of  the  Organs  of  Generation  of  the  Mexican 
Proteus f  called  by  the  Natives  Axohtl.  By  Sir  £.  Home.  Bart. 
VPRS. 

The  author  of  this  paper  considers  that  Cuvier  has  proved  that 
the  Proteus  of  Germany^  as  well  as  that  of  Carolina^  are  actually 
animals  in  a  perfect  state,  and  not  larvae.  The  discovery  that 
the  vertebree  of  the  Mexican  Proteus  were  cupped  in  the  same 
manner  as  those  of  Jthe  two  other  species,  had  already  convinced 
him  that  it  also  belonged  to  the  same  tribe,  and  was  conse- 
quently an  animal  in  a  perfect  state.  To  place  this  question, 
however,  beyond  all  doubt.  Sir  Everard  obtained  from  Mr.  Bui* 
lock  several  specimens,  having  the  organs  of  generation  in  a 
developed  state,  brought  from  a  Lake  three  miles  from  the  city 
of  Mexico.  The  temperature  of  this  lake  is  never  below  60  , 
and  its  elevation  above  the  sea  is  8000  feet :  in  the  month  of 
June,  the  Protei  are  so  abundant  in  it  as  to  form  a  principal  part 
of  the  food  of  the  peasantry.  Three  plates  of  these  animals, 
with  dissections  of  tneir  generative  organs,  are  given  from  draw- 
ings by  Mr.  Bauer.  The  female  organs  in  their  developed  state 
are  beautifully  shown,  and  there  is  every  probabihty,  from  the 
appearance  of  the  ova  contained  within  them,  that  they  pass  out 
sindy. 

XXIII.  An  Account  of  Experiments  on  the  Velocity  of  Sound, 
made  in  Holland.  By  Dr.  G.  Moll,  Professor  of  Natural  Philo- 
sophy in  the  University  of  Utrecht,  and  Dr.  A.  Van  Beek :  com- 
municated by  Capt.  H.  Kater,  FRS. 

In  our  next  number  we  shall  give  an  abstract  of  these  import- 
ant and  accurate  experiments;  together  with  remarks  on  the 
questions  involved  in  the  subject  of  the  velocity  of  sound,  and  on 
some  late  investigations  of  them 

XXIV.  -4.  Catalogue  of  nearly  all  the  principal  fioced  Stars 
hetwein  the  Zenith  of  Cape  Town,  Cape  of  Good  ffope,  and  the 
South  Pole,  reduced  to  the  1st  of  January,  1824,  By  the  Rev. 
Fearon  Fallows,  MA.  FRS. 

The  nature  of  this  first  contribution  to  science  from  the  new 
Observatory  at  Cape  Town,  renders  it,  of  course,  unsusceptible 
of  abbreviation.  The  same  may  be  said  of  the  concluding 
paper  in  the  volume  ;  viz. 

XXV.  Remarks  on  the  Parallax  of  a  Lyrte.  By  J.  Brinkley, 
DD.  FRS.  Andrew's  Professor  of  Astronomy  in  the  University 
of  Dublin. 
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GEOLOGICAI,    SOCIETY. 

June  3. — A  paper  was  read,  entitled  "  Kemarks  on  Qiiadri 
peds  imbedded  in  recent  Alluvial  Strata.  By  G.  Lyell,  Sec.  GS." 

In  a  former  communication  ta  the  Society,  the  author  had 
stated  that  he  had  found  it  difficult  to  explain  the  circLtmstaacea 
under  which  the  remaiDS  of  (quadrupeds  were  very  generally 
found  imbedded  in  the  shell  marie  in  Scotland,  often  at  consi- 
derable depths,  and  far  from  the  borders  of  those  lakes  in  which 
the  marie  is  accumulated. 

These  animals  must  have  been  drowned  when  the  lakes  were 
of  a  certain  depth.  Their  bones  are  found  in  the  marie  unaccom- 
panied by  sand  or  gravel,  or  any  proofs  of  disturbing  forces. 
From  the  shape  of  the  surrounding  land  in  some  instances,  it 
appears  that  floods  could  not  have  swept  them  in,  and  from  the 
occasional  absence  of  rivers  flowing  into  others,  they  could  not 
have  been  washed  in  by  them. 

The  author,  therefore,  suggests  that  they  were  lost  in  attempt- 
ing to  cross  the  ice  in  winter,  the  waternever  freezing  sufficiently 
hard  above  the  springs  to  bear  their  weight,  and  springs  abound- 
ing always  in  those  lakes  in  Forfarshire  and  Perthshire  in  which 
marie  is  deposited. 

The  skeletons  of  some  of  the  animals  found  in  the  shell  marie 
in  Forfarshire  are  in  a  vertical  position,  but  some  are  not.  The 
same  circumstance  has  been  remarked  with  regard  to  the  elks 
occurring  in  the  marie  in  the  Isle  of  Man.  Of  these  facts  Mr. 
Lyell  offers  the  following  explanation. 

Cattle  which  are  lost  in  bogs  and  marshes  sink  in  and  die  in 
an  erect  posture,  and  are  often  found  with  their  heada  only 
appearing  above  the  surface  of  the  ground.  When,  therefore,  a 
lake  in  which  marie  is  deposited  is  shallow,  the  quadrupeds 
which  fall  through  the  ice  sink  into  the  marie  in  the  same  man- 
ner, and  perish  in  an  upright  posture,  but  when  the  lake  is  deep, 
and  the  animals  are  dead  before  they  reach  the  bottom,  they 
become  enveloped  in  the  marlc  in  any  position  rather  than  the 
vertical.         , 

June  17. — An  extract  of  a  letter  was  read  from  John  King- 
dom, Esq. :  communicated  by  Joseph  Townsend,  Esq.  FGS. 

Mr.  Kingdom  mentions  in  this  letter  the  situation  in  which 
certain  hones  of  a  very  large  size,  appearing  to  have  belonged  to 
h  whale  and  a  crocodile,  were  lately  found  completely  imbedded 
in  the  oohte  quarries,  about  a  mile  from  Chipping  Norton,  neat 
Chapel  House. 
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A  paper  was  also  read,  entitled  "  Observations,  &c.  on  a 
Walk  from  Exeter  to  Bridport,"  Mr.  \yoods,  in  this  com- 
munication, describes  the  nature  of  the;  soil  in  the  neigh- 
bourhood of  Exeter,  and  the  strata  exhJSiited  in  the  cliffs 
and  on  the  sea  shore  between  that  city  and  the  east  side  of 
Bridport  Harbour*  * 


Article  XL 

SCIENTIFIC  NOTICES. 

Chemistry. 

1.  Formation  of  Ammonia. 

Mr.  Faraday  has  lately  published  in  the  Jpurnal  of  Scienca, 
an  account  of  some  experiments  on  the  formation  of  ammonia 
by  the  action  of  substances  apparently  containing  no  azot^ ;  he 
states  his  belief,  however,  that  the  results  depend  upon  th^ 
difficulty  of  perfectly  excluding  azote,  and  the  extreme  delicacy 
of  the  test  of  its  presence  afforded  by  the  formation  of  am- 
.monia.  The  principal  experiments  performed  by  Mr.  Faraday, 
we  shall  give  nearly  in  his  own  words  : — 

'^  Put  a  small  piece  of  clean  zinc  foil  into  a  glass  tube  closed 
.at  one  end,  and  about  one-fourth  of  an  inch  in  diameter;  drop  a 
piece  of  potash  into  the  tube  over  the  zinc;. introduce  a  slip  of 
turmeric  paper  slightly  moistened  at  the  extremity  with  pure 
water,  retaining  it  in  the  tube  in  such  a  position  that  the  wetted 
portion  may  be  about  two  inches  from  the  potash  ;  then  holding 
the  tube.in  an  inclined  position,  apply  the  flame  of  a  spirit  lamp, 
so  as  to  melt  the  potash  that  it  may  run  down  upon  the  zinc, 
and  heat  the  two  whilst  in  contact,  taking  care  not  to  cause 
such  ebullition  as  to  drive  up  the  potash  ;  in  a  second  or  two, 
the  turmeric  paper  will  be  reddened  at  the  moistened  extremity, 
provided  that  part  of  the  tube  has  not  been  heated.  On  re- 
moving the  turmeric  paper  and  laying  the  reddened  portion 
upon  the  hot  part  of  tne  tube,  the  original  yellow  tint  will  be 
restored:  from  which  it  may  be  concluded  that. ammonia  has 
been  formed ;  a  result  confirmed  by  other  modes  of  examination.*' 

The  atmospheric  being  suspected  to  be  the  source  of  the 
azote,  the  experiment  was  repeated  on  hydrogen  gas,  but  the 
same  results  were  obtained.  It  was  afterwards  imagined  that 
the  azote  might  be  furnished  by  accidentally  touching  the 
potash  with  animal  or  other  substances  containing  azote ;  and 
.as  1^  proof  of  how  necessary  it  is  to  avoid  fingering  the  sub- 
/Btances  ^perimented  upon^'Mr.  Faraday  states  the  following 
experiment:-^ 
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"  Some  sea  sand  was  heated  red  hot  for  hnlf  an  hour  in  a 
crucible,  and  then  poured  out  on  to  a  copper-plate,  and  left  to 
.cool ;  when  cold,  a  portion  of  it  (about  12  grains)  was  put  into 
a  clean  glass  tube ;  another  equal  portion  was  put  into  the 
pa3in  of  the  hand,  and  looked  at  for  a  few  moments,  being 
moved  about  by  a  finger,  and  then  introduced  by  platina  foil 
into  another  tube,  care  being  taken  to  transfer  no  animal  sub- 
stance but  what  liad  adhered  to  the  grains  of  sand  :  the  first 
tube  when  heated  yielded  no  signs  of  ammonia  to  turmeric 
paper,  the  second  a  very  decided  portion, 

"  As  a  precaution,  with  regard  to  adhering  dirt,  the  tubes 
used  in  precise  experiments  were  not  cleaned  with  a  cloth,  or 
tow,  but  were  made  from  new  tube,  the  tube  being  previously 
beated  red  hot,  and  air  then  drawn  through  it ;  and  no  zinc  or 
potash  was  used  in  these  experiments,  except  such  as  had  been 
previously  tried  by  having  portions  heated  in  a  tube  to  ascertain 
whether  when  alone  they  gave  ammonia. 

-  "  It  was  then  thought  probable  that  the  alkali  might  contain 
t^  minute  quantity  of  some  nitrous  compound,  or  of  a  cyanide, 
introduced  during  its  preparation.  A  carbonate  of  potash  was 
therefore  prepared  from  pure  tartar,  rendered  caustic  by  lime 
calcined  immediately  preceding  its  use,  the  caustic  solution 
separated  by  decantation  from  the  carbonate  of  lime,  not  allowed 
to  touch  a  filter  or  any  thmg  else  animal  or  vegetable,  and 
boiled  down  in  clean  flasks ;  but  the  potash  thus  obtained, 
though  it  yielded  no  appearance  of  ammonia  when  heated  alone, 
always  gave  it  when  heated  with  zinc. 

"  Tlie  water  used  in  these  experiments  was  distilled,  and  in 
ca^es  where  it  was  thought  necessary  was  distilled  a  second, 
and  even  a  third  time.  The  experiments  of  Sir  Humphry  Davy 
show  how  tenaciously  small  portions  of  azote  are  held  by 
water,  and  that,  ta  certain  circumstances,  the  azote  may  pro- 
duce ammonia.  I  am  not  satisfied  that  I  have  been  able  to 
avoid  this  source  of  error. 

"  At  last,  to  ^ void  every  possible  source  of  impurity  in  the 
potash,  a  portion  of  that  alkali  was  prepared  from  potassium ; 
and  every  precaution  taken  that  could  be  devised  for  the  ex- 
clusion of  azote  ;  yet,  when  a  lamp  was  applied  to  the  potash 
and  zinc,  the  alkali  no  sooner  melted  down  and  mingled  with 
the  metal,  than  ammonia  was  developed;  which  rendered  the 
turmeric  paper  brown,  the  original  yellow  re-appearing  by  tlie 
at>t>l'cation  of  heat  to  the  part. 

"  Still  anxious  to  obtain  a  potash  which  should  be  unexcep- 
tionably  free  from  any  source  of  azote,  I  heated  (says  Mr.  F.)  a 
portion  of  potash  with  zinc,  endeavouring  to  exhaust  anything 
It  might  contain  which  could  give  rise  to  the  formation  of  am- 
monia: it  was  then  dissolved  in  pure  water,  allowed  to  settle, 
the  clear  portion  poured  off  and  evaporated  in  a  flask  by  boil- 
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ing ;  but  the  potash  thus'prepared  gave  anunoma,  when  heated 
with  zinc,  in  hydrogen  gas." 

^'  Potash  is  not  the  only  substance,  which  produces  this  effect 
with  the  metals  and  vegetable  substances.  Soda  produces  it; 
so  also,  does  lime,  and  baryta,  the  latter  not  being  so  effective 
as  the  former,  or  producing  the  phenomena  so  generally.  The 
common  metallic  oxides,  as  those  of  manganese,  copper,  tin, 
lead,  inc.  do  not  act  in  this  mantier. 

**  Water  or  its  elements  appear  to  be  necessary  to  the  experi- 
ment. Potash  or  soda  in  tne  state  of  hydrates  generally  con- 
tain the  water  necessary.  Potash  dried  as  much  as  could  be 
by  heat^  produced  little  or  no  ammonia  with  zinc ;  but  re-dis- 
solved in  pure  water  and  evaporated,  more  water  being  left  in  it 
than  before,  it  was  found  to  produce  it  as  usual.  Pure  caustic 
iime,  with  veiy  dry  linen,  proauced  scarcely  a  trace  of  ammonia, 
whilst  the  same  portion  of  linen  with  hydrate  of  lime  yielded 
it  readily. 

"  The  metals  when:  with  the  potash  appear  to  act  by,  or  ac- 
cording to,  their  power  of  absorbing  oxygen;  Potassium,  ironj 
zinc,  tin,  lead,  and  arsenic  evolve  much  ammonia,  whilst 
spongy  i>latina,  silver,  gold,  &c.,  produce  no  effect  of  the  kind. 
A  small  portion  of  line  clean  iron  wire  dropped  into  potash 
melted  at  the  bottom  of  a  tube,  caused  the  evolution  of  some 
ammonia,  but  it  soon  ceased,  and  the  wire  blackened  upon  its 
surface ;  the  introduction  of  a  second  portion  of  clean  wire 
caused  a  second  evolution  of  ammonia.  Clean  copper  wire,  in 
fused  potash,  caused  a  very  slight  evolution  of  ammonia,  and 
became  tarnished." 

Mineralogy. 

2.  Sulphalo-lri'Carbonale  of  Lead. 

M.  Stromeyer  has  lately  examined  the  sulphato-tri-carbonate 
of  lead,  whose  composition  was  first  pointed  out  by  Mr.  Brooke. 
His  results,  which  confirm  the  conclusions  of  the  latter  gentle* 
man,  give,  for  the  constituent  elements  of  the  mineral, 

Carbonate  of  lead 72*7 

,  Sulphate  of  lead 27-3 

100-0 

and  it  consequently  consists  of  one  atom  of  sulphate  of  lead  and 
three  atoms  of  carbonate  of  lead,,  as  previously  determined  by 
Mr.  Brooke. 

3.  Hi/drate  of  magnesia. 

A  specimen  of  native  hydrate  of  magnesia  from  Swinaness,  in 
Unst,  examined  by  M.  Stromeyer,  gave 


E5.]  Scienlijic  Notica — Minefalogi/.  233 

Magdesia 66-07 

Oxide  of  Qiangaiiese. 1'57 

Protoxide  of  iron 1'18 

Lime 019 

Waler 30-39  .|f^ 

100-00 
4,  Maguesile.  I,« 

...100  parts  of  magncaite,  fiom  Salem,  lu  India,  gave  the  sauiribl 
'  icurale  anniyst : 

Carbonic  acid 51*83 

Magnesia 47-88 

Lime 0-28 

Ojiide  of  iron ,..,...  Trace  .  ■ 


5.  Seietiiuret  of  Lead. 

MM.  Stromeyer  and  Hansraann  have  examined  an  ore  from 
the  Laurence  Mine,  at  Claiisthal,  wliicli  proves  to  be  aseleniuret 
of  lead.  Tlie  ore  is  combined  with  brown  spar,  and  from  its 
imparting  a  smalt  blue  colour  to  ^lass,  was  supposed  to  contain 
cobalt,  and  had  been  described  under  the  name  of  cobalt  I'ley- 
ern,  by  M.  Haiismann, 

Externally,  seleniuret  of  lead  has  a  greater  resemblance  lo 
some  varieties  of  galena  than  to  any  other  substance,  but  its 
colour  is  peculiar,  and  partakes  more  of  a  blue  tint  than  even  the 
wasserhUi  of  the  German  mineralogists  (A'«/pA«)'eio/'wio/«We«fl). 
It  has  a  tendency  to  crystallization,  but  its  ci-ystalline  torm  has 
not  yet  been  ascertained.  The  fracture  is  fine  grained  ;  lustre 
metallic,  not  very  brilliant.  It  is  inferior  in  hardness  to  galena, 
is  net  Jiarsh  to  the  touch,  gives  a  dark  streak,  and  retains  its 
metallic  lustre  after  being  rubbed  ;  its  specific  gnivity  =  7*697. 
It  becomes  negatively  electrical  by  friction. 

Seleniuret  of  lead  fuses  readily  before  the  blowpipe,  gives  out 
a  powerful  smell  resembling  that  of  rotten  tui-nips,  and  becomes 
covered  with  a  brownish  red  crust,  which  is  succeeded  by  a 
coating  of  yellow  oxide  of  lead.  When  the  flame  is  directed  on 
the  ore,  a  bright  blue  tint  is  developed;  fused  with  borax  it 
gives  a  pale  smalt  coloured  glass. 

Heated  in  a  glass  tube  by  a  spirit  lamp,  selenium  sublimes, 
exhaling  its  peculiar  otTensIve  odour,  and  the  surface  of  the 
glass  becomes  covered  with  a  light  sublimate  of  a  brownish  red 
colour.  By  heating  the  tube  to  redness,  the  ore  fuses,  but  suf- 
fers no  other  apparent  change  ;  but  on  continuing  the  heat,  the 
brownish  red  sublimate  gradually  disappears,  and  is  succeeded 
by  a  white,  acicular  crystalline  substance,  which  attracts 
moisture  by  exposure,  and  deliquesces.     It  reddens  litmus  paper 
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strongly ;  becomes  yellow  by  the  aoti  on  of  sulphuric  acid,  and 
red  by  sulphuretted* hydrogen;  hence  it  is  similar  to  selenic 
acid.  .... 

Cold  nitric' acid  acts  on  seleniuret  of  lead>  and  after  some  time 
the  mass  assumes  a  <^innamon  red  colour,-  in  con8et|uence  of  the 
separation  of  selenium.  If  the  acid  be  heated,  the  whole  of  the 
ore  is  dissolved,  the  selenium  first  separating  in  the  form  of  red 
flakes,  which  soon  lose  their  colour,  turn  brown,  and  gradually 
disappear*  If  the  (Juantity  of  ore  be  in  excess,  the  selenium 
collects  in  brown  flakes  on  the  surface  of  the  solution^  which 
sometimes  assumes  the  appearance  of  an  oily  film* 

The  nitric  acid  solution  has  a  jpale  i*eddish  colour,  derived  from 
a  slight  portion  of  cobalt ;  but  no  other  metal,  besides  lead  and 
cobalt,  is  contained  in  th^  ore ;  h^ither  is  any  trace  of  sulphur 
detected  by  the  actibn  of  nitrate  of  barytes. 

The  analysis  of  this  ore  gave  M.  Stromeyer  percent. 

Lead 70-98 

Cobalt  ; i.i 0-83 

Selenium ..#.•.*• 28-11 

99-92 

6.  Selenium  in  the  Sulphur  of  the  Lipari  Isles. 

Amongst  the  volcanic  productions  of  the  Lipari  Isles^  a  sal 
,  ammoniac  is  found  combined  with  sublimed  sulphur  in  alternate 
white  and  brownish  orange  layers,  the  colour  of  the  latter  of 
which  has  generally  been  attributed  to  iron.  On  examination, 
however^  neither  tincture  of  galls,  prussiate  of  potash,  nor 
ammonia,  gave  any  indication  of  that  metal,  but  sulphuretted 
hydrogen  gave  a  precipitate  of  orpiment,  owing  to  the  presence 
«f  some  arsenious  acid. 

.  When  the  sal  ammoniac  is  dissolved  in  water,  a  brownish 
yellow  residuum  is  left,  which  fuses  readily  in  a  glass  tube,  and 
aflbrds  an  orange  colomed  sublimate.  On  hot  coals  it  inflames, 
and  exhales  at  first  a  mixed  odour  of  sulphur  and  arsenic,  which 
is  succeeded  by  the  peculiar  offensive  smell  of  selenium.  By 
digestion  in  nitric  acid  till  the  orange  colour  disappeared,  a  solu-^ 
tion  was  obtained  from  which  sulphate  of  potash  threw  down  a 
considerable  quantity  of  a  cinnabar  coloured  precipitate,  possess- 
ing all  the  characters  of  selenium ;  and  the  solution  afforded  by 
evaporation  acicular  crystals  of  selenic  iacid. 

This  discovery  by  M.  Stromeyer  of  selenium  amongst  the  vol- 
canic products  of  the  Lipari  Islands,  renders  it  probable  tbattlie 
peculiar  orange  tint  of  the  sulphur  .found  in  those  islands  .pro- 
ceeds chiefly  from  selenium,  and  not,  as  hitherto  supposed,, from 
ttmuiic  CQittbiaed. with  the  sulphur. 


■"-/  **■■" ••     •' 


7.  Lairobiie. 

M.  Gmelin,  of  Tubingen^  has  found  the  composiBbn  of  the 
mineral  named  Latrobite  by  Mr.  Brooke^  and  described  Tfyjf  nim 
in  the  Annals,  of  Phihsophy,. yoUy,  New  Series*  to  be  as  fol- 
lows : 

■  * 

Silica  ««»»««.«.».4t4k^4«4.4««  rf^.*  44*663 
Alumina  •t«4«*^*«»4i««»«  •-•  •  a  2  ^  •  ^  •  38*814 
lim^.  M-t ••<««•  4 •**•••  ii»*  tf<  a «•«  8*291 
Oxide  of  manganese  •••<  ^  • j.«    3*160 

Potash  j«  Hi4'»i4*444m94*»**»i»»k^        6*575 
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8/  On  the  Teeth  of  the  Koala.    By  J.  E.  Gray,  Esq. 

Cuvier,  in  his  Animal  Kingdom^  only  describes  the  cnttiiig 
-teeth  of  the  Kc>ala.  Blainville,  in  his  Podomus  of  a  new  Distn- 
bution  of  Animals,  abridged  id  the  ninth  volume  of  this  Journal, 

describes  the  cutting  teeth  as  ^  upper   middle    longest,    false 

•canine  ^,  grltidets,  j^  with  four  tubercles.    Mr.  F.  Cuvier,  in 

his  work  on  the  Teeth  of  Mammalia,  observes,  that  he  has  not 
seen  a  skull  of  the  Koala,  but  that  it  must  doubtless  be  allied  to 
the  Phalangers.  I  some  time  ago  met  with  a  skull  of  this 
Animal  in  the  collection  of  the  College  of  Surgeons,  and  I  am 
indebted  to  the  kindness  of  Mr.  Clift  for  allowing  me  to  take  a 
description  of  it  ' 
.    The  skull  short,  compressed,  and  depressed,  so  as  to  be  stib- 

quadrangular.     The  temporal  fosssB  large,  the   cutting  teeth 

ft 

r-  upper,  two  front  large,  distant  at  the  base,  conversing  at  the 

apex,  the  rest  small :  lower  large,   approximating  together  at 

the  tip ;  canine  teeth  —^,  small  conical  placed  on  the  suture  of 

Jhe  intermaxillary  bone,  grinders -^  all  with  two   fangs,    the 

front  one  on  each  side  smallest,  rather  compressed;  the  rest 
depressed,  each  with  four  acute  tubercles. 

felainville  describes  his  animal  as  chocolate  brown,  pind  Guvier 
and  Goldfus  as  ash  greyj  the  latter  agjrees  with  the  five  specimens 
that  I  have  seen.  Whether  this  difference  was  occasioned  by 
Cuvier  and  Blainville  describing  two  different  animals,  or  by  the 
latter,  in  his  hasty  notes,  having  confounded  it  with  the  Wom- 
bat in  his  description,  I  am  not  able  to  determine. 

9.  On  the  Umbilicus  of  Marsupial  Animals. 
•  It  has  been  generally  thought  that  Marsupial  animals  are  des- 
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titute  of  any  umbilicus,  and  are  only  attached  to  the  mother  by 
means  of  the  mouth.  .  ... 

Geoffroy  St.  Hilaire  has  lately  discovered  in  some  specimens 
of  the  foBti  of  Didelphis  Virgimana  preserved  in  spirits,  ifvhicli 
had  been  taken  from  the  motner  by  Dr.  Barton  very  soon  after 
their  introduction  into  the  pouch,  evident  vestiges  of  placentral 
organisation,  and  of  an  umbilicus.  They-  were  only  five  lines 
long,  and  already  formed  ;  in.  the  two- male  which  he  examined 
the  umbilicus  was  large  for  the  size  of -the  animal,  a3  it  was  also 
in  the  female,  and  very  distinct  from  the  entrance  of  the  pouch. 

Mr.  Geofiroy  observes,  that  the  series  of  transformations  com* 
mon  to  all  mammalia  are  Ovulum,  Embryo,  and  foetus.  These 
three  stages  of  genital  products  reqqire  three  distinct  situations 
which  in  the  other  mammalia  are  found  in  the  sexual  canal,  but  in 
the  Marsupialia  they  are  very  differently  distributed  through  in 
an  equally  continuous  series.  The  ovulum  and  the  embryo  are 
formed  and  developed  in  the  sexual  canal  and  the  fcBtus  out  of  it. 
The  womb  is  the  third  station  in  the  mammalia,  where  the  com- 
mon fcetus  is  incubated  and  nourished ;  and  the  Marmpium  or 
nursing  pouch  is  for  the  same  purpose  in  the  mai*supial  animals. 
The  difference,  therefore,  consists  only  in  the  name  of  the  last 
part. — (Ann,  Sci.  Nat.  and  Zool.  Jour.  i.  403.) 

Miscellaneous. 
10.  A  Method  of  fixing  Crayon  Colours.  By  James  Smithson,  Esq. 

(To  the  Editors  of  the  AmaU  of  Philotophy,) 
GENTLEMEN,  London,  Jug.  2S,  1825. 

Wishing  to  transport  a  crayon  portrait  to  a  distance  for  the 
sake  of  the  likeness,  but  without  the  frame  and  glass,  which 
were  bulky  and  heavy,  I  applied  to  a  man  from  whom  I  expected 
information  for  a  method  of  fixing  the  colours.  He  had  heard 
of  milk  being  spread  with  a  brush  over  them,  but  I  really  did 
not  conceive  this  process  of  sufficient  promise  to  be  disposed  to 
make  trial  of  it. 

I  had  myself  read  of  fixing  crayon  colours  by  sprinkling  solu- 
tion of  isinglass  from  a  brush  upon  them,  but  to  this  too^  I  ap« 
prehended  the  objections  of  tediousness,  of  dirty  operation,  and 
perhaps  of  incomplete  result. 

On  thinking  on  the  subject,  the  first  idea  which  presented 
itself  to  me  was  that  of  gum-water  applied  to  the  back  of  the 
picture  ;  but  as  it  was  drawn  on  sized  blue  paper  pasted  on  can- 
vass,.there  seemed  little  prospect  of  this  fluid  penetrating.  But 
an  oil  would  do  so,  and  a  drying  one  would  accomplish  my 
object.  I  applied  drying  oil  diluted  with  spirit  of  turpentine; 
after  a  day  ox  two  when  this  was  grown  dry,  I  spread  a  coat  of 
the.  tnixtur^.ovet  the  front  of  the  picture,  and  my  crayon  draw- 
ing became  an  oil  painting. 
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Article  XII. 
NEW  SCIENTIFIC  BOOKS. 


Dr.  Shearman  has  in  the  press  a  work,  entitled  "  Practical  Observ 
tions  on  the  Nature,  Causes,  and  Trcatmtnt  of  Water  in  the  Dro 

Sketches  Political,  Geographical,  and  Statistical,  of  the  Unite 
Provinces  of  Hio  tie  la  Plata,  &c.   8vo. 


Observations  on  Tetanus,  illustrated  by  Cases  in  wlilch  a  nev 
succesfful  Mode  of  Treatment  has  been  adopted.     By  H.  Ward. 

Flora  Conspicua.     By  Richard  Morris,  FLS.     Royal  8vo.     N 
3s.  6d. 

Elements  of  Conchology  according  to  the  Linnffian  System.  Bj( 
the  Rev.  E.  I.  Burrow,  FLS.  &c.     New  Edition.    16s. 

Military  Medical  Reports,  containing  Pathological  and  Practici 
Observations  illustrating  the  Diseases  of  Warm  Climates.  By  Jame 
M'Cube,  MD.     8vo.     7s. 

Practical  Commentaries  on  the  present  Knowledge  and  Treatment 
of  Syphilis,  with  coloured  Illustrations  of  some  ordmary  Forms  of  that 
Disease-     By  Richard  Wellbank.     8vo.     7^.  6d. 

Directions  for  drinking  the  Cheltenham  Waters,     12mo.    9s.  6d. 


F 


Article  XIII. 
NEW  PATENTS. 


C.  Friend,  Belt-lane,  Spitalfields,  sugar-refiner,  for  improvements  in 
the  process  of  refining  sugar. — July  26. 

J.  Reedhead,  Heworth,  Durham,  for  improvements  in  machinery  foej 
propelling  vessels  of  all  descriptions,  both  in  marine  and  inland 
lion.— July  26. 

J.    E.    Brooke,    Headingly,    LeeJs,     woollen  manufacturer, 
J.  Hardgrave,  Kirkstall,  of"  [he  same  place,  woollen  manufacturer,  for 
improvements   in  or  additions  to  machinery  used  in  scrubbing  and, 
carding  wool,  or  other  fibrous  substances. — July  'i6. 

D.O. Richardson,  kerseymere  and  cloth  printer,  and  W.Hfrst.m 
facturer,  both  of  Leeds,  for  improvements  in  the  process  of  printing 
dyeing  woollen  and  other  fabrics. — July  26. 

J.  Kay,  Preston,  Lancashire,  cotton  spinner,  for  machinery  for  pre- 
paring and  spinning  flax,  hemp,  and  other  fibrous  substances,  by 
power. — July  '26. 

R.  Witty,  Sculcoates,  Yorkshire,   civil  engineer,  for  an  improved 
diimney  for  Argand  and  other  burners. — July  30. 
.  J.  Lean,  Fishpond  House,  near  Bristol,  for  a  machine  for  efT^ctingj 
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an  alternating  motion  between  bodies  revolving  about  a  common  centre 
or  axis  of  motion ;  also  certain  additional  machinery  or  apparatus  for 
applving  the  same  to  mechanical  puTposes.-^July  30. 

The  Kev,  W.  Barclay,  Auldeare,  Nairnshire,  uir  an  improved  instru- 
ment to  determine  angliespf  altitude  or  elevation,  without  the  necessity 
of  a  view  of  horizon  being  obtained. — July  30. 

R.  Badnall,  Leek,  Staffordshire,  silk  manufacture^,  for  improvements 
in  the  manufacture  of  silk. — July  30. 

S.  Bagshawy  Newcastle-under-Iine,  Staffordshire,  for  a  new  method^ 
of  manumcturipg  pipes  for  the  conveyance  of  winter  and  other  fluids. — 
Aug.  8. 

G.  Charleton,  Maidenhead-court,  Wappin^,  and  W.  Walker,  New 
Grove,  Mile-end  Road,  Stepney^  -master  manners,  for  improvements 
in  the  building  or  constructing  !of  ships  or  other  vessels.— Augb  10. 

S.  Lord,  J.  Robinson,  and  J.  Forster,  Leeds,  copartners^  merchanti(,! 
and  manufacturers,  for  improvements  in  machinery  for  and  in  tl^e  pro- 
cess of  raising  the  pile  on  woollen  cloths  and  other  fabrics,  and  also  in: 
pressing  the, same.-— Aug.  llv - 

W.  Hirst,  H.  Hu*st,  ^d  W.  Heycock,  woollen  cloth  manpfapturers,; 
and  S.  Wilkinson,  mqchanic,  Leeds,  for  an  apparatus  for  preventing 
coaches,  carriages,  mails,  and  other  vehicles^  from  overturning.—- 
Aug.  11. 

J.  Stephen  Langton,  Langton  Juxta  Partney,  Lincolnshire^  for  an 
improved  method  of  seasoning  timber  and  other  wood. — Aug.  11. 

J.  Perkins,  Fleet-street,  engineer,  for  improvements  in  the  construc- 
tion of  bedsteads,  sofas,  and  other  similar  articles. — Aug.  11. 

H.  R.  Fanshaw,  Addle-street,  London,  silk  embosser,  for  an  im- 
proved apparatus  for  spinning,  doubling  and  twisting,  or  throwing  silk. 
—Aug.  12. 

J.  Butler,  Commercial  Road,  Lambeth,  for  a  method  of  making 
coffins  for  the  effectual  prevention  of  bodies  being  removed  therefrom, 
or  taken  therefrom,  after  interment. — Augi  12. 

M.  Larivierc,  Frith-street,  Soho,  mechanicean,  for  a  machine  for 
perforating  metal  plates  of  gold,  silver,  tin,  platina,  brefss,  or  copper, 
being  applicable  to  all  the  purposes  of  sieves,  hitherto  employing 
cither  canvas,  linen,  or  wire. — Aug.  15. 

J.  A.  Taylor,  Great  St.  Helen's,  London,  for  a  new  polishing  appa^ 
ratus  for  household  purposes. — Aug.  15. 

C.  Downing,  Bideford,  Devonshire,  for  improvements  in  fowling- 
pieces  and  other  fire-arms. — Aug.  15. 

A.  Schoolbred,  Jerm3m-street,  St.  James's,  tailor,  for  improvements 
on,  or  a  substitute  for,  back  stays  and  braces  for  ladies  and  gentlemeQ,« 
chiefly  to  prevent  relaxation  of  the  muscles. — Aug.  18. 

P.  Taylor,  City  Road,  engineer,  for  improvements  in  making  iron.' 
—Aug.  18. 

P.  VVilliams,  Leeds,  and  J.  Ogle,  Holbeck,  Yorkshire,  cloth  manu- 
facturers, for  improvements  in  fulling  mills,  or  machinery  for  fulling 
and  washing  woollen  cloths,  or  such  other  fabrics  as  may  require  the 
process  of  felting  or  fulling. — ^Aug.  20. 
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METEOROLOGICAL   TABLE. 


• 

Ba&ombter* 

TflERMOMETER, 

1825. 

Wind. 

Max. 

J^Iin. 

Max. 

Min. 

Bvap, 

Rain* 

7th  Mon. 

JuJy  1 

N  W 

30-27 

29-90 

74 

45 

— 

05 

2 

W 

30-30 

30-27 

76 

45 

3 

N 

30-27 

30-26 

83 

57 

— 

4N  W 

30-39 

,30-26 

80 

55 

5N  W 

30-39 

3P-25 

75 

48 

— 

6 

N 

30-25 

30-16 

68  • 

45 

•91 

04 

7 

N  W 

30-18 

30-16 

71 

45 

— 

8 

N 

30-16 

30-13 

76 

51 

— 

9 

N 

30-^3 

30-12 

79 

53 

— 

• 

10 

W 

30-12 

30-16 

St 

5b 

— 

11 

w 

30-18 

30-10 

89 

5S 

•    • 

12 

N  W 

3018 

3016 

89 

58 

-.— 

13 

N  W 

30-25 

30- 1 6 

86 

59 

•95 

, 

14 

s    w 

30-25 

3011 

92 

58 

— 

15 

s 

30-24 

30-11 

95 

^2 

• 

16 

N 

30-32 

30-24 

91 

58 

— 

17 

£ 

30^24 

30-22 

92 

58 

^•9a 

18 

S   E 

30'24 

30-22 

97 

62 

— 

19 

S   E 

30-29 

30-24 

95 

58 

-sr- 

» 

20 

S   E 

30-33 

30-39 

S7 

56 

•94 

21 

E 

30-59 

30-27 

7d 

4;r 

-L.'  ■ 

•       •         4 
J 

22 

E 

30-27 

30-14 

80 

52 

— 

23 

E 

.  30-25 

30-14 

74 

44^ 

^■M 

24 

N   E 

30-40 

30-25 

72 

42 



■ 

25 

N'  E 

30-40 

30-38 

78 

40 

•85 

— < 

26 

N   E 

;30-38 

30-37 

74 

45 

<— 

27 

N   E 

30*37 

30-26 

82 

48 

— 

28 

E 

30-28 

30-26 

84 

49 

— - 

29 

E 

30-26 

30-23 

81 

43 

«-^ 

30 

E 

30-23 

30-13 

80 

47 

•95 

31 

E 

'  30-13 

30-10 

91 

52 

-30 

30-40 

29-90 

97 

40 

5-80 

•09 

The  observations  in  each  line  of  the  table  apply  to  a  period  of  twenty-four  hours, 
b^inning  at  9  A.  M.  on  the  day  indicated  in  the  fbrst  oolu^in*  A  d^h  denotes  tiiat 
the  result  is  Included  in  the  next  followxng  observation. 


240         Mr.  BawanPi  MHeorohgical  Jwhai:  ^  [Sbpt.  ilSB5; 


REMARKS. 


Seventh  Month.-^U  Showers.    2—5.  Fine.    6.  Cloudy,  with  ahowers.    7.  Ckmdy. 
8-*Sl.  Fme,,  dear,  and  dry. 


RESULTS. 


Winds:    N,  5  ;  NE,  4;  E,  8;  SB,  3;  S,  1 ;  8W,  I ;  W,  S;  N^,  6. 
Barometer :  Mean  height 

For  the  iponth ••. «•  30*^9  inchift. 


Thermometer:  Meimhdght 

For  the  month. .  • 

Evaporation • \. 

Rain. • ••• 


6e-887» 
5-80  in. 
0-09 


*ii*  The  very  unusual  height  of  the  thermometer  on  several  days  of  this  inonth  hav- 
ing  led  me  to  examine  the  position  of  the  instrument,  I  was  induced  to  tibmik  that  it 
indicated  a  higher  temperature  than  that  of  the  air,  in  consequence  o^  radiation  finiiji 
^e  dry  and  heated  earth  in  the  neighbourhood.  To  ascertain  the  extreme  amount^ 
this  error,  I  suspended  a  thermometer  in  a  spot  diickly  riiadcd  with  trees,  and-ovcrfaabg- 
ing  a  river,  so  as  to  exclude  the  influence  of  radiation,  and  found  it  indicate  4^  to  5^ 
lower  on  the  days  of  the  greatest  heat — probably  the  real  temperatttte  of  the  air  was 
between  these  points.         '  i     '  -  '  ^ 
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Observations  on  the  Synonima  of  the  Genera  Anomiay  Crania 
Orbicuia,  and  Discina.     By  J,  E.  Gray,  Esq.  FQS.  &c. , 

(To  the  Editors  of  the  Annals  of  Philosophy.) 

GENTLEMEN,  British  Museum,  Sejpf.l9y  1825/ 

LiNN^us,  in  his  Systema  Naturse,  has  formed  a  genus  with 
the  following  characters,  "  Animal  corpus  hgula,  emarginata 
ciliata,  ciliis  valvulee  superiori  affixis:  brachiis  2,  linearibus,  cor* 
pore  longioribus,  conniventibus,  porrectis,  valvulsB  altemis, 
utrinque ciliatis, ciliis  affixis  valvulis  utrisque.  Te^^ainsequivalvis; 
valvula  altera  planiuscula,  altera  basi  magis  gibba,  harum  altera 
ssepe  basi  perforata.  Cardo  edentulus,  cicatricula  lineari  pro- 
minente  introrsum  dente  laterali ;  valvulsB  yero  planioris  in  ipso 
margine.  Madii  duo  ossei  pro  basi  animalis."  This  genus  he 
has  called  Anomiay  a  name  most  probably  derived  from  the 
specific  titles  of  the  Concha  anomia  of  Fabius  Columpa,  and 
the  Pectunculus  anomius  of  Dr.  Lester,  which  appear  intended 
to  have  been  expressive  of  the  inequality  or  dissimilarity  of  the 
valves  of  ^hose  shells. 

The  above  character  of  the  animal  agrees  exactly  with  that 
given  by  Cuvier  to  a  group  of  Mollusca,  which  he  calls  Bra- 
chiopoda^  from  the  belief  of  their  ciliated  arms  being  the 
modified  feet  of  the  Conchophorus  Mollusca ;  and  the  descrip- 
tion of  the  shell,  on  account  of  the  larger  valve  being  said  to 
be  gibbous  and  perforated  in  the  hinder  part,  and  the  inside  of 
one  of  the  valves  being  furnished  with  two  bony  rays,  must  have 
been  taken  from  one  of  those  shells  which  Bruguiere  has  since 
formed  into  a  genus,  under  the  name  of  Terebratula ;  a  word 
most  likely  derived  from  Linnaeus,  who  uses  it  as  a  specific 
name  for  one  of  the  species  which  belong  to  this  section  of  his 
genus. 

Linnaeus,  from  not  knowing  the  animal^  has  placed  several 
Nw  Series f  vol.  x,  |i 
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species  in  his  genus  which  recent  observation  has  proved  not  to 
agree  with  the  characters  that  he  has  given  to  it.  Thus  A. 
craniolaris  has  a  simiM  animal,  biit  has  no  teeth  in  its  hinge, 
and  has  consequently  been  formed  into  a  genus,  under  the  name 
of  Crania^  by  Bruguiere.  A,  spina,  of  which  the  animal  is 
unknown,  has  been  equally  separated  into  a  genus  called  Pin- 
giostama,  by  Lamarck.  Ihe  animal  again  of  A,  Ephiphium,  A. 
Cepa,  A. Electrica^  A.sqiiamnia,  and  A.patdlifofmh,  is  very  dis- 
similar from  that  described  by  Linnaeus  as  appertaining  to 
Anomia.  It  is  in  fact  most  nearly  allied  to  that  of  the  oyster, 
and  is,  therefore,  what  Linnaeus  calls  an  Ascidia.  To  these  lat- 
ter species,  Bruguiere  has  retained  the  name  of  Anomia,y^hichh 
much  to  be  regretted,  as  had  he  studied  the  beautiful  character 
of  Linnaeus,  he  would  have  found  that  that  author  did  not  intend 
these  species  as  the  type  of  his  genus ;  and  there  is  little  doubt 
that  had  he  known  their  aqimal,  he  would  have  placed  them  with 
the  Ostrea,  or  have  formed  a  new  genus  for  their  reception ; 
there  being  no  part  of  his  system  where  he  so  rapidly  increased 
the  number  of  his  genera  as  in  the  Testacea.  It  is  more  to  be 
regretted  that  later  conch ologists  should  not  have  corrected  this 
error,  but  have  let  it  continue  so  long,  that  although  it  errs 
against  one  of  the  best  laws  of  nomenclature,  we  are  almost 
inclined  to  allow  it  to  remain  without  correction,  for  Bruguiere's 
names  Iiave  been  in  general  use  both  by  conchologistis  and 
geologists,  and  consequently  any  alteration  in  them  would 
introduce  much  confusion  into  these  delightful  science^.  Stilly 
however,  it  is  but  proper  to  point  out  that  the  immortal  Swed* 
was  the  first  to  describe  with  accuracy  the  curious  animal  oFthiS 
Brachiopodous  Mollusca. 

But  I  do  not  considi^r  that  the  same  line  of  conduct  should  btf 
pursued  in  the  next  case  which  I  am  going  to  state,  where  even 
greater  confusion  has  been  cailsed  by  the  haste  to  form  conclu- 
sions, and  by  little  attention  being  paid  to  the  characters  gifen 
by  the  original  describers  of  gfenera. 

Linnaeus,  in  his  "  Fauna  Suecica"  has  placed  as  the  first 
species  oi Anomiay  a  shell,  under  the  name  of  A.  craniolaris; 
and  here  I  may  object  to  the  opinion  held  by  many  persons^ 
that  the  first  species  of  the  genus  is  to  be  considered  the  type  of 
it.  This  may  be  the  case  in  the  works  of  Fabricius,  but  I 
believe  not  so  in  those  of  most  other  authors.  Linnaeus  appears  tO 
have  referred  this  shell  to  the  present  genus;  from  it  having 
sometimes,  as  he  describes,  three  holes  in  its  lower  valve  ;  but 
these  holes  are  only  the  places  where  the  adductor  muscles  of 
the  animal  have  been  attached,  which,  being  of  a  more  brittle 
teXturfe,  dfecay  sooner  than  th6  rest  of  the  shell,  which  is  always^ 
ibund  in  a  fossil  state.  Bruguiere  has  formed  this  shell  into  a 
genus  und'er  the  name  of  Crania^  from  the  similarity  of  the  three 
^iate,  t>t  holei^  to  the  apertures  in  a  human  skull  that  corre&pond 
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with  the  eyes  attd  nose  of  erery  subject.  He  has  taken  the 
Linneean  specific  character  as  a  generic  one^  or  at  least  he 
describes  the  lower  valve  as  pierced  with  three  holes.  Lamarck 
has  adopted  this  genus,  and  referred  to  it  a  recent  species, 
which  I  believe  to  be  the  same,  or  very  nearly  related  to  the 
following  shell. 

MuUer,  in  his  excellent  work,  Zoologia  Dariica,  has  described 
a  shell  with  the  name  of  Patella  anomala,  which  he  afterwards 
figured  with  its  animal,  and  discovered  that  it  was  furnished 
with  an  under  valve  ;  and  yet  for  some  unaccountable  reason, 
he  still  considered  it  as  a  Patella!  Poli,  in  his  superb  work  on 
the  shells  of  the  Two  Sicilies,  figured  a  similar  shell  under  the 
name  of  Anomia  turbinatOy  refemng  it  to  this  genus  most  likely 
on  account  of  the'  animal  agreeing  with  the  Linnsean  character. 
But  as  he  always  gave  the  animals  a  new  generic  name,  he  called 
the  present  animal  Criopus,  as  he  did  that  o(  Anomia  Epipkiunt, 
Eckton.  Cuvier,  from  observing  that  the  animals  of  these  species 
were  similar  to  the  Terebratula,  and  that  the  shell  tvas  soldered 
to  the  rock  immediately  by  the  outer  surface  of  the  lower  valve, 
and  not  attached,  as  in  tlie  latter  genus,  by  a  tehdott,  formed 
them  into  a  genus  under  the  name  of  OrAfcM/a,  taking  no  notice 
of  the  genus  Crania  of  Bruguiere.  The  genus  OrbiciilahdiS  alsd 
been  adopted  by  Lamarck  ;  but  I  believe  that  most  persons,  cti 
consulting  the  figures  of  Muller,  Poli,  Chemnitz,  and  of  a  shell 
described  by  Montague,  in  the  Linnsean  Transactions,  under  the 
name  of  Patella  distoria,  which  has  since  been  discovered  to 
have  an  attached  under  valve,  and  stated  to  be  an  Orbicula  by 
Blaiiiville,  will  agree  with  me^  that  these  shells  are  all  the  same 
(or  two  very  nearly  allied)  species,  and  consequently  that  the 
genus  Orbicula  must  be  expunged  from  the  systeiii,  for  it  is 
nothing  more  than  a  recent  species  of  Crania. 

Mr.  G.  B.  Sowerby,  in  a  paper  read  at  the  Linneean  Society 
on  March,  1818,  entitled  "  Remarks  on  the  Genera  Orbicula  and 
Crania  of  Lamarck,  with  Descriptions  of  two  Species  of  each 
Genus,  and  some  Observations  to  prove  the  Jr.  distorta  of  Montague 
to  be  a  Species  of  Crania,*'  has  described  a  shell  which  was 
found  on  some  stones  which  had  been  brought  from  Africa,  as 
ballast,  and  were  used  to  repair  the  roads.  This  he  considered 
to  be  Orbicula  Norvegica  of  Lamarck,  who  expressly  stated  that 
the  latter  shell  is  attached  by  the  soldering  or  the  outer  surface 
of  the  lower  valve  to  the  rock,  whereas  Mr.  Sowerby's  shell  is 
affixed  by  means  of  a  tendron  passing  through  a  slip  in  the  disk 
of  the  lower  valve.  This  tendon  he  has  called  a  foot ;  but  it 
has  no  analogy  with  the  foot  of  the  animals  of  the  bivalves;  and 
I  believe  is  only  a  slightly  modified  adductor  muscle.  Some  of 
these  shells  having  been  sent  to  Lamarck,  the  latter  formed  them 
into  a  genus  under  the  name  of  Discina,  giving  a  very  expres  - 
sive  generic  character,  but  being  misled  by  receiving  it  frow 
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England,  he  considered  it  as  found  on  the  shores  of  our  coast. 
Mr,  Sowerby's  paper  not  having  been  printed  till  the  publication 
of  the  thirteenth  volume  of  the  Linnaean  Transactions,  which 
was  several  years  after  the  reading  of  the  paper,  and  the  volume 
of  Lamarck's  History  containing  this  shell  appearing  in  the  mean 
time,  he  added  as  a  note  to  his  paper,  that  Lamarck  had  erro- 
neously described  his  shell  twice  over,  once  under  the  name 
ot  Discinay  and  again  under  that  of  Orbicula,  and  he  has  pub* 
lished  the  same  opinion  in  his  "  genera  of  shells/'  *  But  with 
this  idea  I  am  sorry  that  I  cannot  coincide,  and  more  especially 
so  as  Ferussac,  in  his  Synoptic  Table,  and  several  others,  have 
taken  Mr.  Sowerby's  ipse  diocit  for  fact.  To  prove  that  the 
Discina  is  not  a  species  of  Orbicula,  it  is  only  necessary  to 
inspect  the  beautiful  plate  by  Mr.  James  Sowerby,  which  accom- 
panies his  brother's  paper,  and  compare  it  with  the  figures  of 
Muller ;  and  I  believe  that  most  persons  will  allow  that  Muller's 
figures  agree  best  in  the  form  oi  the  muscular  impression  with 
the  Crania,  on  the  before-mentioned  plate;  and  the  slit  in  the 
under  valve  could  never  have  escaped  the  accurate  eye  of  Muller, 
who  has  figured  his  shell  with  so  much  detail. 

It  appears  to  be  the  fate  of  this  genus  that  it  should  be  confused. 
Blainviile,  in  his  article  on  Mollusca,just  published,  has  divided 
the  genus  Orbicula  into  two  sections;  1.  The  adherent  valve 
not  pierced,  O.  laevis.  Sow.  Lin.  Trans,  xiii.  2.  The  adherent 
valve  pierced,  and  provided  with  a  compressed  medial  apophysis, 
Discina,  O.  Norvegica,  Sow.  Lin.  Trans,  xiii.  when  it  is  only 
necessary  to  consult  the  shells  or  plates,  for  the  lower  valves  of 
both  are  exactly  similar,  and  oddly  enough  the  true  0.  Norvegica 
of  Muller  is  taken  no  notice  of. 

In  accordance  to  these  views,  the  genera  before-mentioned 
appear  to  require  the  following  synonima; — 

1.  AfsouiA,  Bruguiere. 

Anomiae  Pars,  Linnaeus. 
Echioderma  (Echion),  Poli. 

2.  Terebratula,  Bruguiere. 

Anomia,  Linnceus. 
Criopidernia  (Criopus),  Poli. 
To  this  genus  may  be  added  as  subgenera  Magus,  Spirijer, 
and  perhaps  i^roductus  of  Sowerby,  and  Gryphea  of  Megerle. 

3.  Crania,  Bruguiere. 

AnomisB  pars,  Linn&us. 

Patella  species,  Muller,  Montague. 

Criopiderma  (Criopus),  Poli. 

Orbicula,  Cuvier  and  Lamarck,  not  Sowerby  nor  Blainviile. 

Terebratula,  Schweigger. 

4.  Di.sciNA,  Laniarck. 

Qrbicula,  Sowerby ^  Blainviile,  not  Lamarck, 
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HlKifi.]        Anali/m  of  an  Alloy  of  Gold  and  Rhodium.  Q$|^^| 

If  Article  ^^| 

Analysis  of  an  Alloy  of  Gold  and  Rhodium  from  the  Parting 
House,  at  Mexico.*  By  M.  Andre  Del  Rio,  Professor  at  the 
College  of  Mines,  and  Member  of  the  Institution  of  Sciences 
at  Mexico. +  ,    ^^J 

In  the  year  1810,  M.  Cloud,  Chemical  Director  at  t]te  Miq^.^^f 
in  Philadelphia,  discovered  an  alloy  of  gold  and  palladium  ia  ^ 

two  ingots  of  gold  from  Brazil.  I  have  found  another  alloy 
here,  containing  rhodium,  which,  as  yet,  is  unknown  in  Europe. 
At  this  favourable  era  we  may  expect  an  infinite  number  of 
discoveries,  as  the  careful  examination  of  a  country  so  vast  and 
richly  endowed  by  nature  as  this  is,  proceeds.  I  am  surprised 
that  M.  Cloud  has  not  given  in  his  analysis,  either  the  specific 
gravity  of  his  alloy,  nor  the  proportions  of  the  metala  of  which 
it  is  composed. 

1.  199'2  grains  of  an  alloy  of  gold,  of  this  Parting  House,  of 
the  specific  gravitj^,  according  to  Citizen  Jean  Mendez,  of  1.5'4, 
left,  after  the  action  of  aqua  regia  1-28  of  chloride  of  silver, 
=  0'97  silver.  The  gold  oi  one-fourth  part  of  the  solution  was 
separated  by  ether,  when  a  galvanic  current  was  observed, 
which  occasioned  the  ether  sometimes  to  swim  on  the  surface 
of  the  aqua  regia,  as  it  naturally  would  do,  and  at  others  to 
assume  a  position  below  it;  a  phenomenon  deserving  clqser 
investigation.  Convinced  that  the  gold  was  still  alloyed  with 
some  other  metal,  a  brittle  button  was  obtained  by  means  of 
botax  which  weighed  45'5  grains.  This  lost  no  weight  by  being 
boiled  with  nitric  acid;  when  fused  with  nitre  in  a  small  platina 
crucible,  a  large  quantity  of  the  gold  attached  itself  to  the 
platina,  and,  besides,  an  efflorescence,  formed  of  very  smaU 
grains  of  a  tin-white  colour.  The  whole  was  treated  with  hot 
water,  which  being  decanted  off,  and  the  residuum  washed,  a 
very  heavy  black  powder  remained,  partly  composed  of  very 
short  and  tbin  needles,  and  also  another  Hghter  powder  of  an 
oUve-green  colour.  The  filtered  solution  was  yellow  and  black- 
ened the  filter,  but  on  dying  the  colour  became  a  clear  olivfir 
green.  The  yellow  solution,  saturated  with  nitric  acid,  left  i" 
cherry-coloured  deposit,  and  gave  with  tincture  of  galls  a  dar] 
yellowish-brown  precipitate  ;  a  proof  that  it  was  not  osmium. 
B  f   The  black  powder  being  separated  from  the  gold  by  quic]{r 


^[  *  From  the  Annalcs  dc  Chimic. 

\^  -f  ThiaMemoir  was  communicated  to  M.ile  Humboli]!,  by  M.  Lucas  Alaman, 
KDgulac  merit  in  dul<r  sppredsted  by  the  laoani  of  Europe,  and  who  i>  >I  presei 
Miautci  of  t^e  Interiui  of  tbo  Confederation  of  the  Mexican  IStatea.  N.  del  Bio,  who 
■tudied  at  Parii,  Freiberg,  nnd  ScbeniniU,  is  well  kaown  by  liis  Uboun  in  atialyticol 
chemistry,  and  by  his  Treatise  an  Minernlogy  iu.d  Gcognostic  Tables. — iVffle  liylA* 
French  EdUor. 
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silver,  was  dissolved  in  muriatic  acid,  and  the  solution  assumed 
by  boiling  a  fine  orange  colour.  Citizen  Mendez  was  unable  to 
reduce  the  green  powder  before  the  blowpipe,  but  he  observed 
that  some  specks  detonated  like  nitre  ;  a  property  of  rhodiam. 
This  green  powder,  which  I  wished  to  treat  separately,  by 
transferring  it  with  water  from  a  capsule  to  a  matrass,  became 
black  a  second  time,  and  I  added  it  to  the  red  solution,  and 
boiled  the  whole  afresh ;  although  it  appeared  brown  whilst  hot 
it  resumed  its  red  colour  on  cooling.  Sal  ammoniac  threw  down 
from  the  concentrated  solution,  an  orange-coloured  powder, 
which,  separated  by  decantation  and  su£Giciently  washed,  was 
soluble  in  cold  water,  and  still  more  so  in  hot,  and  gave  by  care- 
ful evaporation  an  infinite  number  of  orange-coloured  crystals. 
Being  reduced  alone,  in  the  same  crucible  that  was  employed 
before,  the  gold  was  covered  with  a  tin-white,  blistered  coating 
of  rhodium."*^  By  twice  boiling  potash  and  nitre  in  the  same 
crucible,  with  the  addition  of  water,  the  whole  of  the  gold  was 
exposed,  and  the  lixivium  saturated  with  sulphuric  acid,  eave 
16  grains  of  the  dark  reddish  brown  deutoxide  of  rhodium, 
from  which  deducting  2*14  for  oxygen,  there  remain  13*86 
grains  of  rhodium  for  the  45*5  grains  of  alloy  employed,  or  30*4 
per  cent.  I  mast  not  omit  to  state  that  the  potash  made  very 
small  holes  in  the  crucible,  and  131  grains  of  protoxide  of  pla- 
tina  were  extracted  from  it,  which  were  reduced  in  another 
crucible  of  earthenware,  as  perfectly  as  the  nature  of  the  cru- 
cible allowed. 

The  black  powder  was  insoluble  both  in  muriatic  acid,  and 
aqua  regia;  solution  of  potash  dissolved  it  in  part,  and  the 
residium  gave  many  white  metallic  points  by  being  heated  with 
tallow  in  a  small  crucible.  As  all  the  points  were  not  equally 
brilliant,  the  weight  of  the  residuum  was  not  added  to  the  former 
product ;  I  afterwards  reflected  that  I  had  not  employed  suffi- 
cient heat,  and  that  I  ought  to  have  added  it  just  the  same  as 
that  which  was  dissolved  by  the  potash. 

2.  The  greater  part  of  the  acid  of  the  remaining  three-fourths 
of  the  solution  was  distilled  off,  and  the  rest  saturated  with 
ammonia,  not  added  in  excess.  The  orange-coloured  precipi- 
tate lost  its  red  tint,  and  acquired  a  slight  yellow  ochre  hue ; 
wherefore,  and  because  it  became  greenish  by  washing  with 
warm  water,  I  concluded,  although  it  detonated  like  fulminating 
gold,  that  it  was  not  absolutely  pure.  In  fact,  10  grains  mixed 
with  oil,  and  fused  with  borax,  gave  a  little  white  blittonf  which 
was  too  brittle  for  pure  gold,  and  internally  had  a  whitish 

*  It  was  afterwards  discovered  that  the  blistered  appearance  was  owing  to  the  gold, 
as  if  it  had  endeavoured  to  quit  the  platina  to  combine  witK  the  rhodium.  The  Utter 
always  remained  white — was  that  owing  to  the  platina  ?  I  beUere  it  to  be  eminently 
galvanic. 

f  Thif  tendency  of  rhodium  to  cover  the  surface  of  the  gold  is  very  singular. 
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copper,  or  nickel  colour ;  tlie  flux  left  &  glass,  partly  of  a  leek 
green,  and  partly  of  a  cochineal  red  colour,  and  the  little  buttoo 
weighed  5-9  grains.  Its  white  surface  soou  changed  to  a 
tomuac  brown,  and  when  fused  with  nitre  it  yielded  a  little  button 
of  pure  gold,  weio;hing  4*3  grains.*  Other  10  grains,  similarly 
fused,  gave  also  aorittle  button,  which  left  a  scoria  of  abrighter 
red  colour,  weighing  7'1  grains,  and  this  by  a  second  fusion,  as 
before,  gave  a  button  of  pure  gold,  which  also  weighed  4-3 
grains.  Thus,  as  100  parts  of  aminoniuret  of  gold  gave  43 
parts  of  gold,  212  parts,  the  weight  of  the  whole  precipitate, 
would  have  given  91'16.  Three-fourths  of  the  solution  must 
have  contained  149'40  of  the  alloy,  or  deducting  three* fourtlis 
of  a  grain  of  silver,  148'65. 

Deducting  the  gold,  there  remain  57*49  parts  of  rhodium,  or 
38-6  per  cent,  of  the  alloy.  The  specific  gravity  of  this  alloy 
should  be  16'91,  but  as  it  was  actually  only  15'4  it  must  have 
suffered  expansion. 

The  remainder  of  the  solution  was  distilled  to  dryness,  and  a 
dark  brown  residuum  was  obtained,  which  neither  gave  the 
changes  of  colour  that  characterise  iridiuni  by  the  action  of 
muriatic  acid,  nor  red  crystals  with  ammonia;  but  it  afforded 
an  uncrystallizable  double  salt,  of  a  flesh  red  colour,  which,  when 
dried,  resembled  discoloured,  brown,  frothy  iron  (Jer  ecumeu.t). 
Citizen  Mendez  could  not  reduce  it  before  the  blowpipe,  and 
obtained  with  borax  only  a  yellowish  green  glass. 

Thus  we  see  that  neither  ether  nor  ammonia  afford  the  most 
certain  nor  the  most  easy  methods  of  separating  rhodium. 
From  this  consideration  1  had  recourse  to  what  Dr.  WoUaston 
■ays  on  the  subject,  that  it  is  not  capable  of  forming  an  amalgam 
wfth  raercuiy. 

3.  For  this  purpose,  Citizen  Mendez  cupelled,  at  two  opera- 
tionSf  a  very  brittle  alloy  of  gold  with  rhodium  aud  copper, 
weighing  133'7  grains,  which  gave  him  two  little  globules,  one 
of  wbicG  weighed  only  53-87  grains,  and  the  other  66*  13.  I 
treated  the  tirst  with  mercury  and  boihng  water,  and  again  by 
trituration  in  an  iron  mortar,  when  the  whole  amalgamated, 
except  2'5  grains  of  a  bright  olive  green  powder,  which  after- 
wards  darkened  in  water,  and  became  greenish  black.  Can  the 
green  powder  be  a  deutoxide,  intermediate  between  the  black 
and  the  reddish  brown,  or  puce  coloured  oxide,  and  the  greenish 
black  powder  a  hydrate '.'  I  have  the  highest  esteem  for  M. 
Berzelius,  but  he  himself  desires  that  truth  should  be  freely 
■ought.  As  to  the  small  button  of  alloy,  however  carefully  I 
washed  its  amalgam,  it  always  showed  a  black  spot  of  rhodium 
Bt  die  bottom  (tians  le/otid)  alter  having  been  heated  to  redness. 
Afler  fusion  with  nitre  it  weighed  49"7  grains,  and  its  specific 
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gravitJTy  according  to  Citizen  Mendez^  was  15.  I  suppose  i<A 
specific  grayity  was  diminished  by  the  three-eighths  of  a  grain 
of  silver  which  it  contained ;  but  it  is,  at  all  events,  clearly 
demonstrated  that  rhodium  easily  amalgamates  with  mercury, 
by  the  intervention  of  gold,  although  it  will  not  do  so  alone.  I 
must  confess  I  was  much  deceived  as  to  my  principal  object  of 
knowing  if  this  alloy  be  obtained  at  the  Parting  House  from  the 
fused  silver  ingots,  or  from  the  amalgamated  silver,  which 
would  not  a  little  have  assisted  us  in  ascertaining  its  local  situa- 
tions, and  the  ores  from  which  it  is  derived,  circumstances- 
which  at  present  we  are  ignorant  of. 

4,  Havmg  found  by  experiment  that  neither  protosulphate  of 
iron,  nor  oxalic  acid,  precipitate  rhodium,  I  dissolved  the  button 
weighing  66*13  grains  (whose  specific  gravity  according  to 
Citizen  Mendez  was  16*48)  in  aqua  regia.     The  button  when 
beat  out  under  the  hammer,  for  want  of  a  flatting  mill,  presented 
tin-white  spots  on  the  yellow  ground,  showing  that  the  alloy- 
was  not  uniform  ;  the  chloride  of  silver  which  precipitated  from 
the  solution,  contained  half  a  grain  of  silver,  which  gives  moi'e 
than  three  quarters  of  a  grain  per  cent.     This  clearly  shows 
how  necessary  it  is  to  use  sulphuric  acid  to  extract  all  the  silver 
at  the  Parting  House.     I  meant  to  take  only  one  half  of  this 
solution,  but  for  want  of  graduated  tubes  I  took  more,  and  pre- 
cipitated it  with  protosulphate  of  iron  ;   the  reduced  button 
weighed  30*7  grains,  and  its  specific  gravity  was  19*07.     Oii 
adding  the  protosulphate  to  the  solution,  it  became  as  black  as 
ink,  and  red  by  refraction  in  the  sun,  with  much  effervescence 
and  disengagement  of  deutoxide  of  azote  ;  but  as  soon  as  that 
ceased  it  resumed  its  former  transparence.     Having  distilled  it 
to  dryness,  to  expel  the  nitric  and  muriatic  acids,  and  added 
water,  a  large  quantity  of  subsulphate  of  iron  remained  undis- 
solved ;  by  the  addition  of  a  little  sulphuric  acid  and  boiling 
the  liquid,  the  whole  dissolved,  and  the  solution  assumed  a  pale 
bright  flesh  colour  ;  I  then  immersed  in  it  a  plate  of  iron,  which 
became   copper  ted,  but  by  washing  in  distilled  water,   the 
coloured  coating  appeared  very  slight,  and  a  very  fetid  odour 
was  exhaled,  which  I  know  not  how  to  describe.     I  have  per- 
ceived the  same  odour  on  adding  water  to  the  alloy  fused  with 
potash.     After  filtering  and  washing,  slightly  flexible  pellicles 
remained,  which,  when   dry,  had  the  colour  of  tombac,  and 
weighed  10*6  grains.     On  attempting  to  reduce  them  entirely 
with  borax  (for,  according  to  Thomson's  Chemistry,  even  the 
protoxide  may  be  reduced),  I  obtained  merely  a  green  glass. 
Thus,  considering  them  as  metallic  (for  if  they  were  not  abso- 
lutely, they  were  very  nearly  so)  we  shall  have  25*4  per  cent,  of 
rhodmm  in  the  alloy,  without  reckoning  what  still  remained 
i^loyed  with  the  gold.     I  had  taken  for  that  the  lower  half  of 
the  solution  which  had  been  left  at  rest  for  a  long  time.    Could 


it  hAve  contained  a  larger  quantity  bf  gold?  I  shdiild  be  thS 
iodore  inclined  to  think  so,  because,  from  the  fourth  part  of  thi 
same  solution,  precipitated  by  ammonia,  which  should  hard 
contained  16'5  grains  of  alloy,  I  obtained  only  9*3  df  gold ; 
which  gives  43  per  cent,  of  rhodium  in  the  alloy.  The  remaid^ 
ing  solution  had  the  colbur  of  protosulphate  of  iron. 

5.  In  this  state  of  things,  Citizen  Mendez  Conceived  the  idea 
of  adding  sulphuric  acid  to  a  solution  of  IQ  grains  of  anothei* 
alloy  (specific  gravity  =  16*8)  in  aqua  regia,  and  distilHng  it  to 
dryness.    When  all  the  tniiriatic  acid  had  come  o^er,  and  the 
liquid  in  the  retort  had  assumed  a  very  deep  red  colour,  th^ 
receiver  was  changed  ;  a  yellow  matter  rose  with  the  acid,  and 
the  ^old  remaining  in  the  retort,  had  the  appearance  of'  auruoi 
musivum.    The  yellow  matter  partly  dissolved  in  water,  colour- 
ing it  first  yellow,  afterwards  green,  and  a  sub-trito-sulphate  of 
rhodium,  of  a  yellow   ochre   colour,  deposited.     On  pouring 
water  into  the  retort,  a  similar  deposit  was  obtained,  which  wa4 
separated  by  decantation ;  the  gold  was  then  twice  fused  with 
potash  and  nitre ;  after  the  first  fusion  it  left  a  very  dark  leek- 
green  glass,  and  a  brighter  one  after  the  second ;  so  that  it 
would  be  necessary  to  repeat  the  operation  several  times  to 
obtain  the  gold  perfectly  pure  ;  it  weighed  in  the  state  in  which 
we  left  it,  8*2  grains.     We  see,  therefore,  from  what  has  been 
said,  that  rhodium  alloys  with  gold  in  difierent  proportions,  the 
mean,  according  to  what  I  have  observed,  being  34  of  rhodium 
in  100  parts  of  the  alloy  ;  or  more  than  one  third. 

I  am  sorry  to  be  compelled  to  say  that  Dr.  Wollaston  is  mis- 
taken^ in  stating  that  the  alloys  of  gold  with  rhodium  are  vei^ 
ductile.  The  contrary  has  long  been  observed  at  this  Partidg 
House,  and  was  attributed  to  the  sharpness  of  the  acids  [Atreu 
des  acides),  as  if  we  employed  more  than  one,  and  they  were 
very  volatile,  and  very  easily  decomposed.  We  can  now  con- 
ceive that  a  brittle  metal  in  so  large  a  quantity  must  necessarily 
render  the  alloys  it  forms  brittle  also. 

I  imagine  our  practical  men  will  not  any  longer  assert,  that 
with  a  cupel,  and  two  or  three  acids,  any  fraudulent  miocture  may 
he  detected  in  ^old,  now  that  they  have  this  new  instance  of  rho- 
dium, in  addition  to  those  known  before,  of  platina  and  palla- 
dium, and  I  hope  that  iridium  will  also  some  day  play  its  part. 
As  to  the  enormous  losses  at  the  Parting  House,  I  understand 
thiat  in  former  times  long  reports  have  been  made  concerniri* 
them,  but  experiment  is  the  right  method  of  discovering  phy- 
sical truths.  The  reports  are  like  Spartan  money,  fir  greater  in 
volume  than  in  value. 

I  do  not  believe  that  the  complete  separation  of  rhodium  can 
be  effected  by  softening  (adoucissant)  the  alloy  with  corrosive 
sublimate,  although  this  method  be  more  chemical  than  that  of 
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washing  the  marquetas  *  of  silver  with  soap  and  rags^  as  is  done 
at  Tasco,  in  order  to  remove  the  black  powder^  or  oxide  of 
another  metal,  which  has  much  resemblance  to  selenium;  at 
least  Citizen  Mendez  and  I  have  found,  amongst  the  Tasco 
minerals,  biseleiiiuret  of  silver,  in  small  hexagonal  tables,  with 
rounded  edges  and  angles,  as  if  they  had  been  fused ;  their 
colour  was  lead  grey,  they  were  very  ductile,  as  may  be  seen  in 
our  iouniaJ[,>Ae  Sun,  No.  102,  September  24,.  1823.  The  object 
would  be  better,  attained  by  treating  the^aUoy  with  sulphuret  of 
antimony>  <m  account  of  the  greater  affinity  .of  rhodimn  for 
sulphur,  jand  that  is  certainly  the  mode  adopted  by  a  certain 
person,  who  purified  a  quantity  last  year  worth  1800  piastres, 
making  a  great  secret  of  his  process,  as  if  this  were  the  age  of 
mystery^  or  the  Mexicans  resembled  the  inhabitants  of  Otaheite. 

The  preceding  analysis  only  too  plainly  shows  the  wretched 
state  of  our  laboratory  in  Mexico,  after  having  been  for  thirty 
years  under  the  direction  of  so  distinguished,  a  chemist  as 
M.  Elhuyar,  the  discoverer  of  Wolfram  and  CeHum.  It  is  true 
that  under  the  old  government,  this  savant  found  himself 
obliged  to  become  a  man  of  business,  undoubtedly  much  against 
his  incliaatiou;  for  it  is  impossible,  that  h&  who  has  once 
imbibed  a  taste  for  science  can  ever  abandon  it; 

Mexico,  Dec.  9,  1824. 

We  have  translated  the  preceding  paper  almost  verbatim  from 
the  article  in  the  June  number  of  the  Annates  de  Chimie,  for 
the  preseat  year.  It  is  not,  in  some  places,  wholly  free  from 
obscurity,  but  whether  the  fault  lie  wijth  the  author  or  tiie 
French  translator  we  cannot  determine.  We  have  given  it,  to 
the  best  of  Our  ability,  faithfully  as  we  have  found  it.         C. 


Article  IV. 

Astronomical  Observations,  1825. 
By  Col.  Beaufoy,  FRS. 

Biishey  Heath,  near  Stanmore. 

Latitude  5P  SV  44«S"  North.    Longitude  West  in  time  1'  20-9S". 


ObMTved  Transits  of  the  Moon  and  Moon-culminating  Stan  oyer  the  JMgditft  Wire  of 

the  Transit  Instrument  in  Sidereal  Time. 

1825.        Stars.  Transits. 

Aug.  22.— ft  Ophiu n^   15'   46-89" 

22 Moon's  Firstor  West  Limb....  17    29    16-39 

*  Itie  cakes,  or  baUi  of  amalgam,  after  the  mercury  has  been  driven  off  by  distil* 
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1825.        Stars.  Traxisitg. 

Aug. 22.-283 Sagitt ^....  m  46'  SO-65'' 

2:2.— 4  Sagitt. 17  49  n«2« 

22.rr-7  Sagitt It  ft2  12-66 

22.-^86  Sagitt 18  01  07«57 

23.— aOjAiu 17  26  52-35 

23.— ySagitt 18  03  ««*6a 

23.— .21  Sagitt 1^  15  00*11 

23.— Moon's  first  or  West  liimb  ....  18  27  48*68 

23.— 28  Sagitt. 18  35  51*98 

83 30  Sagitt. 18  40  23*74 

23.— »' Sagitt 18  43  40-68 

S3.— »«Sagitt. 18  44  37-38 

23.— $>  Sagitt. 18  47  01-10 

23.— oSagitt. 18  54  15-95 

23.— irSagitt  18  59  85-71 

24.— aOphia 17  86  5233 

24.— <iSagitt 19  07  28-32 

24._^>Sagitt 19  11  35*82 

24.— ^Sagitt. 19  20  36*05 

24.— Moon's  First  or  West  limb. .. .  19  23  45-15 

24,— 6»Sagitt 19  SO  4614 

24.— ««Sagitt 19  32  34-84 

24.— /Sagitt 19  36  13*49 

24.-^7  Sagitt. 19  42  06-17 

I  24.— ^Sa^tt 19  48  05*70 

25:— ^Sagitt ,...19  48  05-53 

25 381Sagitt.. 19  55  28-73 

25.— a'^  Capric 20  08  01*29 

25,— /8"  Capric 20  11  15*13 

25.— Moon*8  First  or  West  Limb. .. .  20  16  47-61 

25.— 172  Capric 20  22  41*06 

25.— 104Capric 20  25  42*09 

26.— l3Capric 20  27  36-68 

25 T  Capric 20  29  33*45 

25 325Capric 20  41  07-15 

SO.— /u  Pisdum 23  50  24-45 

30:^-35  Pisdmn 00  06  02-96 

30.- Moon's  Second  or  East  Limb  . .  00  14  07*42 

30.— 45  Pisdum 00  16  45-52 

30.— 51  Pisdum 00  83  26*84 

sa— aPisdum 00  39  41-22 


Occultations  of  Stars  by  the  Moon. 

S«.nf  i  S ^"™«'*'<>'^<^ 2  X  Taurus Oh     17'    19-l">  ^,.,  ^    ,— ^^ 

S^P*-  *•  \  Immersion  of  1  x  Taurus 0     32     39*1  J  ***^*'"^  ^^^ 


N.  B.    The  Immersion  of  b  Sagittarius,  inserted  in  the  AnnaU  for  last  mrntb^ 
Mcurred  on  the  26tfa  of  July. 


New  Serie$f  yol.  x. 


25ft  Mr.  Wallan  on  [OctI 


Article  V. 

On  th$  Sfat  of  Vision.    By  Mr.  J.  Wallan. 
(To  the  Editors  of  the  Annah  of  Philosophy.) 

GENTLEMEN,  Birmingham^  Sept.  14,  1625. 

The  following  appearances  being  quite  new  to  myself,  I  com*- 
municale  them  lor  insertion  in  the  AJ^nah,  that«  provided  the 
observations  of  others  are  found  to  correspond  with  my  own, 
they  may  be  placed  to  their  proper  account. 

The  moon  being  about  32  degrees  above  the  western  horizon, 
having  a  small  plano-convex  lens  in  my  hand,  which  was  applied 
close  to  my  yighteye,  on  looking  at  that  body  I  perceived  a  feint 
nebulous  circle  of  light,  and  within  the  margin  of  this,  and 
almost  on  the  right  edge  of  it,  a  perfect  image  of  the  moon, 
whose  apparent  size  was  somewhat  less  than  the  moon  itself, 
viewed  with  the  naked  eye.  The  light  of  this  perfect  image 
was  only  so  much  greater  than  the  circle,  as  to  enable  me  to 
distinguish  it  for  a  perfect  picture  of  the  planet.  On  applying 
the  glass  to  my  left  eye  the  effect  yiras  precisely  the  same, 
except  that  the  place  of  the  perfect  picture  of  the  moon  varied 
a  little  in  this  instance  from  its  situation  in  the  former,  being  a 
trifling  degree  nearer  to  the  centre  of  the  Nebulous  light. 

Althou^  it  might  be  deemed  most  prudent  not  to  attempt  at 
accounting  for  this  appearance  until  it  had  been  more  scmta* 
nized,  and  the  effect  correctly  verified  by  a  number  of  indivi- 
duals, I  cannot  help  concluding  at  once,  from  this  slight  dif« 
ference  in  the  qbservatipns  made  with  each  of  my  own  eyes, 
that  the  pe^rfect  picture  was  reflected  from  the  base  of  the 
optic  nerve,  and  the  circular  image  from  the  retina ;  and  I  draw 
this  conclusion  from  a  knowledge  that  there  is  a  trifling  varia- 
tion in  the  axes  of  my  own  eyes,  although  not  apparent  to  any 
one  except  myself;  as  well  as  that  there  is  in  each  a  difference 
in  their  capacity  for  distinct  vision, — ^this  being,  in  fact,  more 
or  less  the  case  with  every  one. 

Having  observed  the  same  effect  on  several  successive  nights, 
and  during  two  sucessive  lunations,  it  does  not  appear  by  any 
means  probable  that  there  was  the  bast  illusion  in  this  appe^r^ 
ance  more  than  would  take  place  with  other  spectators  similariy 
situated ;  and  the  seat  of  vision  being  a  point  still  under  the 
ban  of  dispute  with  philosophers,  I  make  no  apology  for  the 
inference  now  drawn,  but  will  zealously  expunge  it  from  my 
catalogue  of  maxims,  if  the  reverse  can  still  be  proved  to  be 
true  by  direct  experiment. 

As  1  have  proceeded  thus  far  with  these  remarks,  it  may  be 
considered  as  equivalent  to  a  retreat  from  the  inquiry  to  relin« 
quish  it  in  its  present  stage ;  I  shall,  therefore^  add  a  fi^w  other 
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facts  in  support  of  the  base  of  the  optic  nenre  being  the  chief 
agent  in  our  particular  sensations, — still  leaving  the  correct 
solution  of  these  matters,  however,  open  to  further  inquiry. 

In  every  act  of  vision  it  may  be  proved  by  observation,  that 
whether  we  employ  one  only,  or  both,  of  our  eyes  in  conjunc- 
tion, while  looking  towards  any  object,  there  is  ^particular,  as 
well  as  a  general  Ben!Aa.tioii,  both  of  which  are  occasioned  by 
the  constitution  of  our  organs  of  vision.  The  particiil?ir  sensa- 
tion is  this,  that  the  eye  discovers  distimtly  but  a  single  point 
only  ia  the  act  of  employing  it ;  this  point  being  comparatively 
small  or  great,  according  as  the  object  contemplated  ji^  near 
the  eye,  or  remotely  distant  from  it.  The  general  SQijsation  is 
this,  that  the  eye  indistinctly  discovers  a  very  considerable 
space,  which  is  greater  or  less  according  to  the  peculiarities  of 
its  constitution,  or  the  quantity  of  light  to  which  it  is  exposed; 
that  is>  according  to  the  convexity  of  the  cornea,  and  the  dila- 
tation and  contraction  of  the  pupil.  The  particular  sensation, 
it  will  be  obvious,  is  here  referred  to  the  base  of  the  optic 
nerve^  and  the  general  sensation  to  the  retina,  resting  upon  the 
internal  coat  of  the  eye. 

Here,  however,  it  will  be  necessary  to  state  other  reasons  for 
these  conclusions,  than  those  reflections  from  the  interior  of  the 
eye  upon  the  lens  already  alluded  to  in  observing  the  moon, 
which,  notwithstanding^  are  of  themselves  sufficiently  obvious; 
but  it  may*  first  of  all,  be  proper  to  show  in  what  manner  it  can 
be  proved  that  there  is  a  particular,  as  well  as  a  general  sensa- 
tion,— a  circumstance,  although  extremely  simple  in  itself,  yet, 
never  before  mentioned,  that  I  am  aware  of,  by  any  writer. 
This  may  be  done  by  making  a  minute  centre,  and  describing  a 
few  circles  round  it,  with  radii  of  any  number  of  parts  of  an 
inch.  With  a  small  test  of  this  kind  it  will  be  found  that  at 
the  distance  of  between  three  and  six  inches,  according  to  cir- 
cumstances, the  central  point  only  of  this  diagram  can  be 
distinctly  seen  at  the  same  instant,  and  that  the  eye  may  be 
directed  round  the  smallest  of  the  circles  without  receiving  a 
particular  sensation  of  the  centre.  The  same  thing  may  be 
observed,  however,  in  reading,  when  it  will  be  found  that  we 
can  distinctly  trace  but  one  letter  at  a  time,  and  scarcely  this, 
and  that  it  is  only  by  directing  the  eye.  upon  each  letter  m  suc- 
cession that  we  are  enabled  to  comprehend  the  sense,  except 
so  -fov  as  we  are  otherwise  assisted  by  memory,  in  ascertaining 
the  whole  frdm  a  part. 

I  norw  proceed  to. offer  a  few  remarks  respecting  the  probable 
cause  of  a  particular  and  a  general,  sensation  arising  on  directing 
the  eye  towards  any  object;  for  which  purpose  I  shall  first 
allude  to  a  circumstance  towards  which  my  attention  has  been 
frequently  directed,  and  afterwards  towards  one  which  was 
taken  notice  of  in  the  last  century  by  a  number  of  philosophers, 

s2 


260  .Mr.Wallanm  [Oct. 

and  which  haa  ^eocically  been  referred  to  aa  insenBibilitym  the 
base  of  the  optic  nerve4 

I  hav^.  ifreqi^ently  had  occasion  to  remark  that  objects  are 
perfectly  seen  only,  and  moat  distinctly  observed  by  the  right 
eye  on  the  left  side  of  the  field  of  view,  and  by  the  left  eye  on 
the  riig!iit  s:.i4e  of  it."^  I  take  it  for  granted,  in  the  i^rst  place, 
that  th^re^i^^,^  catise  existing  withm  the  eye  why  this  should  be 
the  cau^e,  wd  the .  thing  to  be  ascertained  is,  where  the  xeal 
seat  ojt  tpis,  cause  is  situated.  Now,  if  the  cause  of  .our  parti- 
culs^  seQs^tions  were  in  the  axis  of  the  eye,  every  person  would 
appeal;  tp  squint  excessively  when  locking  with  both  his  e^es  at 
any  object  placed  but  a  trifling  way  beyond  the  point  of  distinct 
visioux  W Wh  is  not  the  case ;  nor  would  the  right  eye  then  per* 
fectly  discover  a  point  at  the  utmost  limit  towards  the  left  hand, 
because  it  f^uld  not  be  strained  so  far  as  that  its  axis  should 
form  so  great  an  angle  with  a  perpendicular  upon  a  right  Une 
drawi^  through  the  centres  of  both  the  eyes.  This  much  the 
right  eye^can  do  however  towards  the  left  hand,  but  not  towards 
the  right,  as  well  as  that  the  left  eye  can  do  the  same  thing 
towards  the  right  hand,  but  not  towards  the  left.  If,  therefore, 
this  is  not  performed  by  directing  the  axis  of  the  eye  towards 
the  point  observed,  it  must  be  done  by  placing  the  eye  in  some 
other  position  which  is  capable  of  producing  tihe  effect. 

Leaving  this  argument  as  it  stands,  and  referring  to  that 
experiment  alluded  to  by  which  one  of  any  three  dark  spots  is 
lost  on  directing  one  eye  towards  that  formed  on  either  side  of 
the  centre,  having  the  objects  placed  at  an  appropriate  distance, 
it  will  be  found  that  the  right  hand  object  of  the  three  is  lost 
by  the  right  eye,  and  the  one  on  the  left  hand  by  the  left.  From 
this  circumstance,  it  has  been  concluded  that  the  base  of  the 
optic  nerve  is  insensible,  because  the  undiscovered  spot  is 
exactly  opposite  the  place  at  which  the  nerve  is  inserted  in  the 
eye  ;  but  the  real  cause  is  because  the  sensibility  of  the  optic 
nerve  is  already  occupied  in  conveying  a  particular  sensation  of 
the  spot  towards  which  the  eye  is  directed,  and  which  falls 
under  the  opposite  angle,  with  the  axis  of  the  eye  to  that  formed 
by  the  spot  which  is  lost. 

Here,  however,  there  is  one  great  peculiarity  to  be  taken 
notice  of,  which,  although  remiarkable,  is  an -additional  proof  of 
the  truth  of  these  observations.  The  perfect  picture  of  the 
moon,  observed  by  directing  the  eye  upon  the  plano-convex 
lens  was  found  to  be  situated  exactly  in  the  place  where  one  of 
the  three  dark  spots  mentioned  above  is  lost.  But  this  picture 
of  the  moon  is  reflected  /'ro/;i  the  eye  upon  the  lens,  while  that 
one  uf  the  dark  spots  which  is  lost  is  opposed  to  the  eye  under 
the  same  angle  with  the  axis  under  which  this  picture  is  trans- 

*  See  Dr.  Wellaflton's  paper  on  the  semi-decussation  of  the  optic  nerve,  in  the  Philo- 
•ophioal  Tmnaetknt.— £tf. 
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mitted.  The  effects  are  therefore  the  same  exactly  in  their 
tendency,  and  have  every  appearance  of  arising  from  the  same 
cause  similarly  situated;  namely,  the  base  of  the  optic  nerve, 
which  ia  inserted  at  the  back  of  the  eye  under  the  angle  in 
question. 

Although  the  whole  of  these  remarks  are  stated  as  conclusive 
evidences  of  facts,  it  is  by  no  means  intended  that  no  possible 
objection  may  be  urged  against  the  propriety  of  them,  and  I  am 
perhaps  the  more  readily  induced  to  make  this  concession  from 
a  knowledge  of  other  peculiar  appearances,  and  which  were 
noticed  at  the  same  time  that  those  were  observed  which  have 
been  hitherto  the  subject  of  consideration. 

While  paying  attention  to  the  effect  produced  by  directing 
my  eye  towards  the  moon,  on  removing  the  lens  from  one  eye 
to  the  other  I  many  times  found  a  dark  spot,  sometimes  sur- 
rounded with  colour,  frequently  situated  near  the  centre  of  the 
nebulous  light,  but  often  in  other  places;  and  nothing  except 
the  eccentricity  of  the  situations  of  these  spots  would  have 
prevented  me  from  placing  the  spots  observed  upon  the  aun'* 
disc  by  astronomers,  to  the  account  of  the  same  illusion  of 
vision.  This  eccentricity  being  h  owever  considerable,  I  caunot 
wholly  permit  myself  to  ascribe  to  a  similar  deception  the 
spots  observed  upon  the  sun,  from  which  its  whole  phenomena 
of  rotation,  and  the  position  of  its  axia,  Sec.  with  regard  to  the 
ecliptic  has  been  inferred ;  and  yet  it  behoves  us  to  be  extremely 
circuuispect  in  making  our  deductions  in  cases  where  the  sub- 
jects are  so  continually  prolific  of  deceptions.  At  the  same 
time,  however,  that  this  apology  for  our  imperfections  is  given, 
1  cannot,  at  present,  conceive  it  poesibfe  that  any  ert'ecta, 
actually  travelhng  from  the  substance  of  a  luminous  body  like 
the  sun,  can  be  visible  to  us.  So  far  as  the  moon  is  concerned, 
in  which  the  same  foruia  are  always  recognised  in  the  same 
relative  places,  the  probabihties  of  truth  are  very  different, 
besides  that  the  characters  of  the  two  bodies  differ  essentially 
from  each  other;  and  it  certainly  appears  evident  that  nothing 
less,  either  than  an  interposing  body  between  the  earth  and  the 
sun,  or,  what  is  highly  probable,  an  illusion  of  vision  similar  to 
the  one  above-mentioned,  could  produce  the  effect  of  a  dark 
spot  on  the  face  of  the  body  in  question.  If  we  even  admit 
that  these  spots  are  openings  in  the  sun's  atmosphere,  as  some 
have  imagined,  or  that  they  are  chasms  in  its  body,  how  great 
must  be  the  extent  of  these  chasms  or  openings  to  allow  of  our 
discovering  tliem  at  distances  so  immense?  Leaving  gratuitous 
assumptions  out  of  the  question  altogether,  however,  it  will 
appear  evident,  on  an  unprejudiced  consideration  of  the  matter, 
that  we  can  no  more  discover  the  surface  of  the  sun  with  the 
best, instruments  than  we  can  discover  with  the  naked  eye,  the 
centre  of  this  earth  by  means  of  a  pit,  whose  depth  equals  its 
—semi-diameter,  4»  V?^ 
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Summary  View  of  the  Apptication  of  the  Etectro'chemical  Theory 
to  Chemical  Ph<znomena*    By  M,  Ferre.* 

IlESEARCHfis  on  the  chemical  influence  of  electricity  have 
mnltiplied  the  facts  which  tend  to  prove  that  it  is  an  essential  agent 
in  the  combination  of  bodies,  and  many  celebrated  philosophers 
have  endeavoured  to  show  by  ingenious  speculations  that  it  is 
the  only  source  of  chemical  action «  To  prove  this^  however,  we 
should  inc^uire,  if,  on  applying  these  ideas  to  known  chemical 
phenomemi,  the  results  accord  with  the  data  derived  fromobser« 
yation.  This  is  the  object  of  the  present  article^  but  it  is  first 
necessary  to  recapitulate  briefly,  the  fundamental  notions  wliich 
properly  constitute  the  electro-chemical  theory. 

Accoi'ding  to  this  theory  the  particles  of  two  elements  which 
enter  into  chemical  union  are  endowed  with  opposite  electrici- 
ties, by  whose  mutual  attractions  their  combination  is  effected. 
If  the  intensities  of  the  two  electricities  be  equal,  the  compound 
will  be  neutral ;  if  unequal,  the  compound  will  be  acid,  if  the 
negative  electricity  be  in  excess,  and  alkaline  if  the  positive. 
But  admitting  that  electrical  attractions  are  the  source  of  che- 
tnicat  combination,  we  must  suppose,  for  the  union  of  the  parti* 
cles  to  be  permanent,  that  they  retain  their  respective  electrici- 
ties after  combination,  and  consequently  that  the  electi'icities 
cannot  quit  the  particles  to  unite  with,  and  neutralize  each 
other ;  otherwise  we  cannot  imagine,  how  the  particles  can  quit 
one  combination  to  enter  into  another,  since,  by  losing  their 
electrical  state  in  the  first,  they  must  also  lose,  at  the  same 
time^  all  tendency  to  contract  a  second. 

Action  of  Acids  and  Alkalies  on  Water, 

As  water  combines  with  equal  facility  with  both  acids  and 
alkahes,  bodies  which  are  endowed  with  opposite  electrical 
properties,  and  which  water,  in  whatever  quantity,  never  neutial- 
izes,  it-is  evidently  a  neutral  compound,  and  consequently  can 
have  no  inherent  tendency  to  unite  with  other  bodies,  Jlowever, 
since  it  actually  does  combine  with  a  great  number  it  must 
assume  by  their  action  sometimes  a  positive,  and  sometimes  a 
negative  state,  as  otherwise  if  electricity  be  the  cause  of  affinity, 
it  could  not  enter  into  chemical  union  with  them  at  all.  Since 
its  integrant  molecules  exhibit  no  electricity,  it  can  only  be 
derived  from  the  elementary  particles,  on  whose  opposite  electri- 
cities the  action  of  bodies  dissolved  by  the  water  must  be 
eifertedv  Thus  the  negative  electricity  of  acids  must  attract  the 

^  Abiidged  from  the  Annales  de  CSiimie,  zxriu.  p.  417. 
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positive  electricity  of  the  hydrogen,  and  repel  and  consequently 
liberate  a  portion  of  the  negative  electricity  of  the  oxygen,  and 
hence  the  latter  acquires  a  tendency  to  enter  into  fresh  combi- 
nations, and  is  more  readily  detached  from  the  hydrogen  by 
other  bodies  having  an  affinity  for  it.  ThuB  many  metals  which 
cannot  alone  take  oxygen  from  water,  decompose  it  rapidly  by 
the  intervention  of  weak  acids. 

Alkalies,  on  the  contrary,  being  positively  electrified,  attract 
tie  oxygen  of  water,  and  repel  its  hydrogen,  during  which  a  part 
of  the  electricity  of  the  latter  is  set  free,  and  it  thus  acquires  a 
tendency  to  abandon  the  former.  In  this  manner  the  hydrogen 
of  water  combines  with  chlorine  and  iodine,  which  alone  could 
not  take  it  from  its  oxygen,  at  least  whilst  all  the  physical  condi- 
tions remain  unaltered. 

The  prevailing  chemical  theory  is  wholly  insufficient  to 
explain  rationally  the  influence  of  acids  and  aikahes  in  promot- 
ing the  decomposition  of  water  in  the  cases  above-mentioned. 
It  would  be  erroneous  to  attribute  it  to  their  affinity  for  the 
oxides  or  acids  about  to  be  formed,  for  if  we  suppose  the  force 
which  tends  to  unite  Lbem  to  be  inherent  in  the  molecules,  we 
must  admit  that  it  can  exert  itself  only  when  they  are  formed, 
unless  they  be  simple.  This  cause,  therefore,  can  have  no  etiect 
till  that  which  is  attributed  to  it  has  already  been  produced.  It 
ie,  in  like  msiiiDer,  by  dinaiaishing  the  reciprocal  action  of  the 
elements  of  water  by  the  attraction  of  one  of  them,  and  the 
repulsion  of  the  other,  and  thus  setting  free  a  part  of  their  con- 
cealed electricity,  that  acids  and  aikahes  facilitate  the  decom- 
posing powers  of  the  voltaic  apparatus;  and  hence  also  the 
rapidity  of  its  action  is  increased  in  proportion  to  their  energy. 
Salts  dissolved  in  water,  acting,  as  we  shall  presently  see,  as 
acids  or  alkalies,  produce  analogous  effects. 

tm  Reciprocal  Action  of  Adds  and  Ojoides. 

C  When  an  acid  combines  with  an  oxide,  if  the  free  antagonist 
>«lectri cities  of  their  molecules  be  capable  of  mutually  balancing 
each  other,  it  is  evident  that  no  change  can  ensue  in  the  union 
of  their  respective  elements.  But  if  that  of  one  of  them,  the 
positive  electricity  of  the  oxide,  for  example,  be  comparatively 
feeble,  the  acid,  from  its  predominating  negative  electricity, 
causes  its  developement  by  attracting  that  element  which  is 
endowed  with  it,  and  repelling  the  others  and  this  influence 
may  go  so  far  as  to  determine  their  partial  separation.  Thus 
many  oxides  are  reduced  to  a  lower  state  of  oxidation  by  the 
action  of  acids;  for  instance,  the  deutoxide  ofbarium  is  reduced 
to  the  state  of  protoxide  by  the  action  of  muriatic  acid. 

The  aikahes,  on  the  contrary,  by  their  action  on  certain 
oxides  which  perform  the  part  of  acids  with  respect  to  tliem, 
separate  a  portion  of  the  metal,  and  raise  the  remainder  to  a 
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higher  degree  of  oxidation.  Thus  potash  causes  protoxide  of 
tin  to  pass  to  the  state  of  deutoxide.  In  other  cases,  M^hen  the 
alkalies  merely  liberate  a  portion  of  their  positive  electricity  by 
repulsion,  they  render  them  capable  of  absorbing  a  new  quantity 
of  oxygen ;  such  seems  to  be  their  action  on  the  peroxide  of 
manganese.  What  has  been  said  above  of  the  influence  of  acids 
and  alkalies  on  the  decomposition  of  water  is  applicable  to  this 
partial  decomposition  of  metallic  oxides  by  their  agency.  This 
phenomenon  appears  equally  inexplicable  by  ascribing^  it  to  a- 
play  of  affinities,  but  it  teaches  us  why  metals  cannot  combine 
with  acids,  unless  they  be  in  the  state  of  oxides.  Since  an  acid, 
whose  free  electricity  predominates  greatly  over  that  of  an  oxide, 
cannot  unite  with  it  without  eliminating  a  portion  of  its  oxygen, 
so  much  the  rather  must  a  metal  whose  molecules  possess  the 
full  energy  of  their  own  electricity,  when  acting  on  an  acid,  tend 
to  separate  its  elements  rather  than  combine  with  it  direct,  as 
we  often  experience.  Hence  the  necessity  that  its  positive  elec- 
tricity should  be  partly  neutralized  by  the  negative  electricity  of 
the  oxygen  before  the  combination  can  take  effect. 

In  the  same  way,  a  fact  somewhat  embarrassing  to  the  electro- 
chemical theory  may  be  easily^  explained ;  namely,  why  the 
capacity  of  saturation  of  oxides  increases  with  the  proportion  of 
oxygen.  Their  positive  electricity  being  in  the  inverse  ratio  of 
the  proportion  of  that  principle,  we  might  suppose  that  the 
quantity  of  acid  necessary  to  saturate  them  should  follow  the 
same  ratio,  but  we  find  that  as  the  proportion  of  oxygen  in  the 
oxides  increases,  its  negative  electricity  destroys,  by  repulsion, 
a  proportionately  greater  part  of  that  of  the  acid,  whose  quantity, 
for  an  equal  quantity  of  metal,  must  thus  increase  in  the  ratio  of 
the  increase  of  that  principle. 

On  the  Mutual  Action  of  Salts  by  the  Intervention  of  Water. 

All  salts  are  not  soluble  in  water.  An  indispensable  condi- 
tion of  solubihty  is  their  non-neutrality,  for  the  one  being  a 
neutral  compound,  another  equally  neutral  can  have  no  action 
on  it.  But  it  is  not  equally  true  that  we  are  to  conclude  that 
because  a  salt  is  insoluble,  it  must,  therefore,  be  neutral,  for  the 
cohesion  of  its  molecules  may  render  it  insoluble,  although  it  be 
not  neutral. 

When  one  of  these  compounds,  therefore,  dissolves  in  water, 
it  acts  as  an  acid  or  an  alkali  by  an  excess  of  positive  or  nega- 
tive electricity,  and  consequently  attracts  one  of  its  elements 
and  repels  the  other.  In  this  way  we  may  account  for  a  fact, 
not  hitherto  satisfactorily  explained  by  any  theory,  namely,  the 
mutual  decomposition  of  salts  by  the  intervention  of  water. 
When  two  saline  solutions  are  mixed  together,  the  element, 
whose  repulsion  has  liberated  a  part  of  the  electricity  in  the 
^hwolniig  liquid  of  one  of  them,  must  determine  to  that  endowed 
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with  a  contrary  electricity  in  the  dissolving  liquid  of  the  othei 
The  two  constituent  molecules  of  the  watei-  becoming  thus  lit 
rated,  act  in  each  solution  at  the  instant  they  separate  in 
opposite  manner  on  the  elements  of  the  salts,  like  the  two  poles 
of  the  pile  ;  the  oxygen  repels  the  acid,  which,  on  the  contrary, 
is  attracted  by  the  hydrogen,  but  it  attracts  the  alkali,  and  with 
it  determines  to  the  hydrogen  of  the  other  solution,  with  which 
it  re-forms  water,  whilst  the  alkali  combines  with  the  acid  that  it 
finds  there,  and  produces  a  new  salt. 

It  is  the  change,  therefore,  between  the  principles  of  the 
molecules  of  the  water  which  determines  tliat  of  the  elements  of 
the  Baits.  This  chan;ie  also  takes  place,  as  is  well  known,  when 
water  is  decomposed  bv  the  voltaic  pile,  and  It  is  in  like  manner 
by  these  means  that  it  favours  the  disunion,  with  the  assistance 
of  that  instrumeut,  of  the  elements  of  compounds  which  it  holt 
in  solution.  Thus  it  is  observed  that  the  decomposition  of  salii 
compounds  is  always  accompaniecl  by  that  of  the  water. 

It  follows  from  what  has  been  said,  that  two  saline  solutioiiB 
cannot  exist  together  without  an  exchange  ensuing  between  the 
elements  of  the  two  salts ;  this  is  contrary  to  the  opinion  hitherto 
entertained.  It  has  been  supposed  that  the  exchange  does  not 
take  place  unless  an  insoluble  salt  which  precipitates  be  formed, 
and  Berthollet  attributed  the  decomposition  to  the  insolubility 
itself.  But  it  has  been  justly  remarked,  that  the  force  of  coh&- 
sioD  to  which  the  insolubility  is  owing  has  no  eflect  till  the 
decomposition  has  taken  pluce,  and  consequently  cannot  be  ths 
cause  of  it.  Hence  it  is  only  a  secondary  cause,  which  renders 
it  permanent  and  manifest,  whereas  otherwise  it  is  continual  and 
latent. 

There  are  phenomena  which  pYove  the  reality  of  this  latent 
action  between  two  saline  solutions,  in  which  no  precipitate  is 
formed,  as  in  the  action  of  the  carbonates  of  potash  and  soda  on 
insoluble  salts.  The  decomposition  is  never  complete,  but 
always  stops  at  a  certain  point,  allhou2;h  a  portion  of  the  car- 
bonate still  remains  in  solution.  This  arises  from  the  formation 
of  a  soluble  salt  by  the  union  of  the  alkaline  base  and  the  acid 
of  the  insoluble  salt,  whose  quantity  continually  increases  with 
the  progress  of  the  decomposition.  The  phenomena  mentioned 
above  are  then  developed  between  the  two  salts  in  solution,  and 
this  reciprocal  action  opposed  that  of  the  alkaline  carbonate  on 
the  insoluble  salt.  It  at  the  same  time  renders  that  which  the 
soluble  salt  resulting  from  the  decomposition  would  exert  on 
the  insoluble  salt,  also  derived  from  the  same  source,  impossible, 
for  in  the  decomposition  of  sulphate  of  barytes,  for  instance,  by 
carbonate  of  potasii,  the  soluble  sulphate  that  is  formed,  might, 
after  the  separation  of  this  carbonate,  decompose  that  of  the 
barytes ;  but  this  decompositioa .  is  also  always  iacomplete  in 
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coDsequettoe.  of  the  formation  of  carbonate  of  potash  which  is 
again  aiasohecU 

_  •       i 

Of  Organic  Chemical  Phenomena. 

We  have  seen  combinations  effected  between  bodiaa  whose 
molecules  are  naturally  endowed  with  free  opposite  dectricitiesy 
and  others  in  which  only  one  of  the  combining  substances  pos- 
9^sBing  acid  or  alkaline  properties^  developes  by  its  influence  the 
electricity  of  the  other,  and  renders  it  a  sort  of  accidental  acid 
or  alkalii .  the  induced  state  being  only  momentary  and  condi- 
tional; and  ceasing  with  the  influence  that  occasioned  it.  We 
have  now  to  consider  a  third  kind  of  combination  between 
bodies^  some  of  which  only  possess  alkaline  or  acid  properties^ 
as  in  the  preceding  instance,  but  develope  them  permanently  in 
the  others ;  in  a  word,  real  acids  or  alkahes  are  formed,  and  thas 
two  compounds  are  produced  instead  of  one.  The  definitive 
compound  is  preceded  by  the  formation  of  another,  which  merely 
assists  in  forming  part  of  the  first. 

.  A  remarkable  instance  of  this  kind  of  combination  is  seen  in 
the  action  of  alkalies  on  fatty  substances.  The  molecules  of  the 
former  not  finding  a  free  negative  electricity  in  those  of  the 
latter  capable  of  neutralizing  their  own  positive  electricity,  deve- 
lope it,  as  in  their  action  on  water,  by  attracting  such  of  their 
elementaiy  molecules  as  are  negatively  electrified,  and  repelling 
the  others;  but  water  being  formed  of  only  two  constituent 
molecules,  it  is  evident  that  this  influence  could  not  produce  a 
new  compound.  Organic  substances,  containing  a  greater  num- 
ber of  elements,  they  are  capable,  by  a  change  in  their  relative 
disposition,  of  so  arranging  themselves  as  to  form  compounds  in 
which  the  negative  electricity  predominates,  and  consequently 
are  able  to  neutralize  the  positive  electricity  of  the  alkalies. 

This  mode  of  combination  is  very  difl'erent  from  that  which 
gives  rise  to  inorganic  compounds.  In  fact,  in  their  formation 
the  constituent  molecules,  left  to  their  reciprocal  action,  are  free 
to  obey  their  tendency  to  combine  molecule  with  molecule,  and 
the  combination  is  thus  always  binary,  or  produced  by  the  action 
of  only  two  forces.  The  proportions  of  their  elements  depend 
solely  on  this  binary  disposition  of  their  molecules  and  their 
number.  Their  electrical  state  has  no  influence  on  their  propor- 
tions ;  but  in  the  formation  of  acids  by  the  action  of  alkalies  on 
fatty  substances,  their  constituent  molecules  are  no  longer 
abandoned  to  their  sole  reciprocal  action  ;  they  are  regulated  by 
the  influence  of  the  positive  electricity  of  the  alkalies,  which 
opposes  their  tendency  to  combine  molecule  with  molecule,  and 
Qoliges  them  to  unite  in  such  numbers,  and  to  assume  such  rela- 
tive disposition,  as  shall  produce  compounds,  whose  electrical 
ttat9  is  capable  of  neutralizing  that  which  acts  upon  them.    In 
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fact  the  ndgatire  electricit;jr  of  th«  ihoteeiiles  altradted;  being 
partly  concealed  by  the  positire  dectrieity  of  the  alkalies,  mttbe 
moment  the  new  compounds  are  formed,  they  are  forced  so  to 
arrange  themselves  with  the  others  as  that  they  may  retain  an 
excess  of  it.  ' 

It  is  e¥id^nt  in  this  case  that  the  proportions  of  the  elements 
of  these  cqmpouads  must  depend  on  the  electrics^  state  &at  they 
Ikssume.  It  is  importadt  to  notice  this  peculiarity,  for  the  dif- 
ference of  the  properties  of  organio  substances  depending  solely 
on  the  different  proportions  of  their  elements,  tne  prodigious 
variety  of  the  former  must  lead  us  to  infer  that  the  cause  which 
determines  the  latter  cannot  be  the  same  as  in  inorganic  sub- 
stanoes^  which  combine  in  very  limited  proportions. 

AU  the  substances  of  the  first  class  seem  to  owe  their  forma* 
lion  to  a  mode  of  combination  analogous  to  that  we  have 
examined  ;  for  instance,  let  us  first  take  the  substances  that  are 
produced  by  the  act  of  digestion,  by  which  the  food  is  partially 
converted  into  chyme,  and  the  latter  into  chyle^  which  is  effected 
by  the  liquors  poured  out  by  the  excretory  organs  into  the  intes- 
tinal canal.  It  has  been  observed  that  the  substances  which  are 
there  injected  are  in  a  short  time  acidified.  This  confirms  our 
theory,  since  all  the  liquors  poured  into  the  intestinal  canal  are 
alkaline.  The  chyme  and  the  chyle,  therefore,  are  merely  salts 
composed  of  those  alkaline  liquors  and  of  the  acids  developed  by 
their  influence  in  the  food  for  the  chyme,  and  in  the  latter  for 
the  chyle. 

The  act  by  which  the  organs  give  rise  to  the  liquors  they 
secrete,  differs  from  the  preceding  merely  inasmuch  as  the  acid 
or  alkaline  products  resulting  from  the  influence  of  the  particu- 
lar matter  which  composes  each  of  them  on  the  blood,  do  not 
combine  with  it.  Hence  all  the  secreted  liquors  are  alkaline  or 
acid.  This  is  not  the  only  example  of  the  kind.  Fermentation, 
whether  vinous  or  acetous,  is  an  analogous  phenomenon,  for,  as 
in  secretion,  the  products  formed  do  not  combine  with  the  mat- 
ter which  determined  their  formation,  at  least  if  we  may  judge 
by  the  small  quantity  of  ferment  that  disappears  durmg  the 
operation. 

Let  us  say  one  word  on  the  causes  of  the  spontaneous  decom- 
position of  organic  substances,  which  are  derived  from  the  mode 
in  which  their  elementary  molecules  are  disposed  with  respect 
to  their  electrical  state.  It  is  not  the  same  with  all  molecules  of 
the  same  nature.  In  vegetable  substances,  for  instance,  the 
oxygen  never  being  in  sufficient  proportion  to  form  water  with 
the  hydrogen  and  oxide  of  carbon,  or  carbonic  acid  with  the 
carbon,  some  of  the  molecules  of  the  latter  must  be  endowed 
with  positive  electricity,  and  tend  to  combine  with  the  oxygen, 
and  tne  others  with  negative  electricity,  and  act  more  especially 
on  the  hydrogen.    The  azote  of  animal  substances  must  be 
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similiurlyjalttiittistaac^;^  1^^  bo  th&  oxy^  md  hydt^^sni 
thaJDlrmerbefingn^gati^e,  and  the  Utter  positm,  ifith^efpsdt 
tO''liltjdbp4''Xrthar8;' ■  '•  '  '  '     '  -■■'  ■'  ■:  '■-••^i(?;^':oxr* 

'Hdfce  We^e  that  organic  subfttancat  mu8t'b«tid^ft'Con«taint 
tefldenoyt  to  be  transformed  into  a  certain  number  of  inovgapk' 
CQDj^p^Qupds ;  for  in  one  pf  them,  composed  of  four^lomeiitsyjrt^e- 
po^itlrel^^lectrical  molecules  ofcarbon  tend  to  fori9v€ai^)|^Dij|/^. 
acid  with  the  oxygen,  and  the  negatively  electrical. car^in^il^ 
hydrogen  with  the  hydrogen ;  whilst  a  part  of  the  latter  may 
also  produce  water  with  the  oxygen  or  ammonia  with  the 
azote,  &c. 

'^h^^^ttisebf  the  spontaneous  decomposition  of  organiiy  sub- 
stances ts,  therefore,  manifestly  derived  from  the  natural' fen* 
dfettc^'^qlf  fti^r  molecules  to  form  binary  compounds  ^  the  ^ffectd 
tifwh'ijbft "tendency  are  only  momentarily  suspended>  andprevaS 
^eri'cWcftmstaiices  favour  it  by  setting  them  at  Uberty/aiEiofig^t 
whiqli  a  slightly  elevated  temperature  is  one  of  the  toost  ^jflfeci-^^ 
ttrtfli^^Then  t¥e  organic  compounds  are  succeeded,,  as  the  last 
results,  by  inorganic  binary  compounds,  such  as  water,  carbonic 
acid,  ammonia,  8cc.  Such  is  the  outline  of  the  theoretical 
considerations  to  which  I  have  wished  to  call  the  attjeQt^9p,,Qf 
cl)emists.  More  numerous  applications,  by  multiplyju]^  ^^, 
facts  on  which  they  are  founded,  would  undoubtedly  ^^ve 
iincr^sed  their  interest,  but  were  incompatible  with  thenarfpw 
limits  to  whieh  I  am  obliged  to  confine  myself. 
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AmAccotmt  of  Erperimefits  on  the  Velocity  of  Sound,  made  4n 
HoHattd.  By  Dr.  G.  Moll,  Professor  of  Natural  Philosophy 
in  the  Univiersity  of  Utrecht,  and  Dr.  A.  Van  Beek.*    . 

.SiH  Isaac  Newton's  formula,  expressing  the  v^pcity  .^f 

C  z=z  '^    '  *>  *'  ..    ...     t. 


has  'sinfee  Tiih  time  been  investigated  and  demonstrated  by  6^v6ml 
^rst^^flt^  Riathematicians.  Actual  experiments  however  on  thts' 
vrf6i^ty/;  instituted  in  various  countries,  and  under  diflfete)i% 
diftsuift^ii'nce^,'  went  to  prove  that  the  celerity  of  s6und,  fmni 
by  ^^Hteeht,  is  about  one-sixth  greater  than  can  be'd^ddt;^' 
by  theory. 

The  celebrtgrt'ed  Lapl|tce  accounted  for  this  differferice  between 
experiment  and  theory^  bj^istiowing  that  it  could  be  attributed 

'    ■-*  Abstracted  from  the  Fhilotopbical  Transactioni  for  1824,  Part  II. 
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to  the  faeat  evolved  by  the  compression  of.  the  particles  of  air 
which  is  effected  by  the  undulations  of  souud.  It  was  found 
impossible  to  determine  the  quantity  of  heat  thus  evolved,  by 
the  compression  which  sound  occasions  in  the  pwtides  of  the 
air  J  aad  therefore  it  ivas  deemed  expedient  to  multiply  Sir 
Isaao  Kewton'a  fbnnula  by  a  constant  factor  V  i  +  k,  the 
value  of  which  was  determined  by  experiment.  Hn  ^Baac^B  fw-r 
mulatbnaaheied,  became  ■  -"- 


V'^-- 


■/I  +  k.         -..r... 


Thus,  by  the  experiments  of  the  French  Academicians  of 
1738,  the  most  accurate  on  this  subject  of  that  time,  the  value 
of  A  was  found  equal  to  0,4254,  It  is  plain  that  this  correction 
of  the  original  formula  is  merely  empitical,  and  dependant  on 
the  accuracy  of  experiments,  which  in  173S,  had  certainly  not 
attained  the  perfection  which  is  required  at  present. 
■  I<1  .(fonsequence,   this  formula  was  thus  altered  by  Laplaca 

'ittWhiCh  c'lB  the  specific  heat  of  the  air  under  a  constant  pres- 
sure, and  c  is  the  specific  heat  of  the  air  under  a  constant 
volume.* 

My  friend  Dr.  Van  Kees,  Professor  in   the   University   of 

Liege,  gave  a  demonstration  of  this  correction  4 /-,  which  will 
be  subjoined  to  the  present  paper,t  and  which  may  be  compared 
with  that  of  Mr,  Poisson,|  The  value  of-  was  determined  by 
Laplace  from  experiments  of  Messrs,  Laroche  and  Berard,|and 
found  equal  to  1,4934 ;  but  later  and  more  accurate  experiments 
of  Messrs.  Gay  Lussac  and  Welter  brought  it  to  1,3748. 

Another  cause  of  the  dirt'erence  between  actual  experiments 
on  the  velocity  of  sound  and  its  theory,  exists  in  the  variable 
force'  of  the  wind,  which  eitheracceleratesor  retards  the  velocity 
of  sound,  according  to  the  direction  from  which  it  is  blowing. 
It  appears  that  this  cause  of  error  may  be  annihilated  in  the 
following  manner.  Let  sounds  be  excited  exactly  at  the  same 
time  on  both  ends  of  a  basis,  and  le-.  two  observers  stationed  on 
these  ends,  measure  the  velocity  with  which  sounds  travels  from 
one  end  of  the  basis  to  the  other.  Itis  quite  clear  that  the  action 
of  the  wind  must  necessarily  accelerate  the  velocity  of  the  sound 
excited  at  one  end  of  the  basis,  as  much  as  it  will  retard  that  at" 

'  Laplace  in  Ann.  de  Phyn.  et  Chim.  lora.  iii  p.  SB8. 
+  JRasenalio  de  celeriLili;  son!,  Trajet.  1018, 
t  Annales  dc  F!i}'!i.  et  ie  Chim.  Mai  IH^S,  d.  5. 
g  Ibid,  Annalesde  Chimie,  unn.lxxxv.  p.79. 
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the  otlier  end,  and  thus  the  tnedium  of  these  two  relocities  will 

fire  the  velocity  in  tranquil  air.  This  method  was  not  adopted 
y  the  French  Academicians  of  1738^  in  their  experimeiitB 
between  Mohthlery  and  Montmartre.  Cannon  was  fired  at  one 
of  these  stations,  whilst  the  observers  were  at  the  other,  and 
thus  the  results  remained  affected  by  the  whole  effect  of  the 
wind.  It  was  found  expedient  therefore  to  repeat  these  experi-^ 
ments  with  more  accuracy,  and  this  was  executed  with  great 

Srecaution  on  Mr.  Laplace's  proposal,  by  Messrs.  Arago,  Prony, 
lathieu,  Bouvard,  Humboldt,  and  Gay  Lussac.  The  experi- 
ments were  made  in  1822,  on  the  basis  of  Monthlery  and  Ville- 
juif.  In  two  successive  days,  the  21st  and  22d  of  June,  1822| 
seven  shots  were  fired  on  both  stations,  and  observed  on  the 
other ;  the  difference  of  time  in  which  the  corresponding  shots 
were  fired  at  both  stations  not  exceeding  five  minutes,  and 
from  these  seven  corresponding  shots  the  result  was  deduced. 

These  experiments  having  never  been  made  in  this  counfry 
with  any  thing  like  sufficient  accuracy,  His  Royal  Highness 
Prince  Frederick,  second  son  of  His  Majesty  the  King  of  the 
Netherlands,  and  Master  General  of  the  Ordnance,  was  pleased 
to  fCpprove  of  .our  proposal  of  repeating  the  same,  and  to  autho- 
rise Lieutenant-Goionel  Kuytenbrouwer,  and  the  offlcevs  and- 
men  of  the  battalion  of  Artillery  under  his  command,  to  give  ut 
every  assistance  in  their  power,  and  to  take  an  actual  part  in 
these  experiments. 

As  fitted  places  to  make  these  experiments,  two  elevated  spots 
were  selected  on  the  extended  heaths  of  the  Province  of 
Utrecht.  One  of  these  is  a  small  hill  between  the  town  of 
Naarden  and  the  village  of  Blaricum,  and  called  the  Kooltjesberg: 
the  other  is  somewhat  higher,  and  situated  on  the  right  of  the 
road  from  Utrecht  to  Amersfoort,  and  very  near  the  last  town* 
Both  places  were  distinctly  visible  from  one  another,  and  tha 
distance  was  between  17000  and  18000  metres  (9664  fathoms). 
Our  time  was  kept  by  two  time-keepers,  which  the  Minister  of 
Marine  had  kindly  furnished  us  with  ;  one  made  by  Arnold,  the 
other  by  our  countryman  Mr.  Knebel.  But  the  exact  interval 
between  the  observation  of  light,  and  the  perception  of  sounds 
and  consequently  the  velocity  of  sound,  was  measured  with 
small  clocks  with  conical  pendulums.  They  are  made  at  Wead 
by  Mr,  Wilhelm  Pfaffius,  and  proved  remarkably  well  adapted 
for  this  purpose.  It  is  well  known  that  Huigens  laid  down  the 
properties  of  the  conical,  or  centrifugal  pendulum,  but  if  we  are 
ftot  mistaken,  they  were  employed  lor  similar  purposes  for  tha 
first  time  by  the  German  philosopher  Benzenberg.*  These 
clocks  with  a  conical  pendulum  divide  the  24  hours  of  the  day 

*  Some  account  of  these  clocks  is  given  in  Gilbcrt*s  Annalen  d.  Phjsik,  1S04,  B.  16} 
p.  494 ;  and  New  Series,  voL  v.  p.  SS^. 
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in  10^000^000  parte,  and  one  of  the  indexes  gives  ^^^^  part  of  a 
diecimal  second.  This  index  or  second  band  remains  qiiiel; 
whilst  the  watch  work  continues  moving  as  long  as  a'  certain 
spring  is  not  pressed  down  with  the  finger;  and  on  remoyipg 
the  finder,  the  index  is  reduced  to  rest  in  tlie  identical  moment. 
Thus  the  index  being  at  0,  the  spring  is  pressed  down  by  the 
observer  at  the  very  instant  the  light  of  the  opposite  station  is 
observed ;  the  index  continues  moving  till  the  report  of  the  shot 
is  heard,  when  the  finger  is  withdrawn,  and  the  index  stopped 
instantaneously.  •  The  number  of  turns  and  fractions  of  a  turij 
of  the  index  shows  the  time  elapsed  between  the  fire  and  the 
report.  There  was  a  conical  or  centrifugal  clock  on  each  sta« 
tion ;  besides  these,  each  station  was  furnished  with  a  good 
barometer,  cavefuUy  compared  with  a  standard  barometer  of  Mr. 
DoUond,  several  good  thermometers  made  by  Messrs.  Dpllona 
and  Newman,  besides  a  sufficientnumber  of  excellent  telescopeit 
of  DoUond's,  and  so  placed  on  stands  adapted  for  the  object  as 
to  bring  the  opposite  station  without  trouble  in  the  field  of  the 
telescope.  The  moisture  of  the  air  was  determined  for  the  &r^p 
time  in  such  experiments  by  Mr.  Daniell's  hygrometer,  one  of 
wfaieh  was  placed  at  each  station.  The  direction  of  the  wind 
was  determined  by  very  good  vanes  contrived  by  the  Artijlery 
officers.  At  each  station  a  twelve  pounder  and  a  six  pounder 
Vf2UB  planted,  and  the  instruments  were  disposed  in,  or  in  th^ 
vicinity  of  tents  erected  for  the  purpose.  Professor  MolJ,  with 
Lieutenants  Renault  and  Dilg,  was  stationed  at  the  KooUjesbergl 
Dr.  Van  Beek,  with  Lieutenants  Sommerton,  Van  Den  Bylaard( 
and  Seelig  were  on  the  other  station,  which  is  commonly  called  , 
Zevenboompjes,  or  seven  trees,  from  the  circumstance  of  seyeni 
trees  being  planted  on  this  lonely  elevation.  Several  gentlemen 
cadets  of  the  Artillery,  and  several  students  of  the. University. 
were  at  both  stations  employed  in  observing  the  different 
instmments. 

The  barometers  and  thermometers  were  of  course  observed  in 
the  open  air ;  Mr.  Daniell's  hygrometers  were  also  placed  in  th? 
open  air ;  and  the  light  of  a  candle  reflected  from  tne  surface  o£ 
the  ball  of  the  hygrometer,  gave  the  means  of  observing  the 
deposition  of  dew  with  great  accuracy. 

It  V7as  deemed  of  the  utmost  importance  that  the  shots  on 
both  stations  should  be  fired  at  as  nearly  the  same  moipent  as 
possible.  To  obtain  this,  the  following  plan  was  adopted.  At 
7**  66^  P.  M.  by  the  chronometer  of  Zevenboompjes,  a  rocket 
was  fired  at  Zevenboompjes,  which  being  observed  at  the  other 
station  of  Kooltjesbergy  was  immediately  answered  by  another 
rocket  from  the  latter  place.  This  was  the  signal  that  on  both 
stations  every  thing  was  ready  for  observation.  At  8**  0'  0^'  by 
the  chronometer  oi  ZevenboompjeSy  ^  cannon  shot  was  fired  on 
that  station,  whilst  the  observers  at  Kooltjesberg  took  as  exactly 
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aft  possible*  the  lime  on  tbeir  chronometer  when  the  light  wag 
observed.  A  second  shot  was  fired  at  Zevenboompjes  at  8*"  5'  0'^ 
P.  M.  by  the  chronometer  of  that  station,  and  the  time  at  which 
the  light  was  seen  was  carefully  taken  down  by  the  chronometer 
of  Kooltjesberg.  By  these  means  the  difference  of  the  two 
chronometers  at  both  stations,  in  a  distance  of  about  nine  miles, 
was  ascertained  with  great  accuracy ;  and  in  order  to  show  that 
this  preparatory  investigation  was  made  with  due  care,  a  cannon 
shot  was  fired  on  both  places  at  the  moment  when  the  chrono- 
meter of  Zevenboompjes  marked  8**  10'  (Ky'.  .  If  the  lights  of 
both  shots  were  seen  exactly  at  the  same  time,  it  was  a  proof 
that  the  difference  of  both  time-keepers  was  known,  and  that 
experiments  might  be  safely  made. 

We  own  that  we  did  not  suppose  before  hand,  that  it  could 
be  possible  to  fire  continually  guns  at  a  distance  of  nine  miles 
exactly  at  the  same  second  ;  but  the  very  great  attention  and 
abiUty  of  our  artillery  men  overcame  this  difficulty.  Between 
our  snots  at  the  two  stations  there  was  never  a  greater  difference 
than  V  or  2'',  whilst  this  diflerence  in  the  experiments  of  the 
French  philosophers  of  1822,  went  to  five  minutes.  '  'Fhis  exact 
correspondence  in  the  firing  of  the  guns  was  obtained  in  the 
following  manner.  At  each  station  an  officer  had  the  chrono- 
meter placed  before  him  on  a  small  table  very  near  the  mxn ;  a 
non-commissioned  officer  or  gentleman  cadet  stood  reficoy  vrith 
the  port  fire  near  the  touch-hole ;  and  at  the  instant  required 
the  officer  holding  the  chronometer  pressed  the  arm  of  the  per- 
son who  was  to  fire  the  gun,  which  went  off  at  the  very  moment. 
With  a  Httle  practice  they  were  certain  to  fire  the  gun  at  any 
given  second. 

The  first  night  of  our  experiments,  the  23d,  24th,  and  26ih  of 
January,  1823,  we  experienced  the  same  annoyance  of  which 
the  French  philosophers  had  to  complain  the  first  night  of 
theirs.  The  report  of  the  shdts  of  Zevenboompjes  was  not 
heard  at  all  at  the  station  of  Kooltjesberg.  But  at  Zeven- 
boompjes all  the  shots  of  Kooltjesberg  were  distinctly  heard. 
After  the  first  night  we  constantly  used  the  metal  twelve  poun- 
ders loaded  with  61bs  of  gunpowder.  The  26th  of  January  all 
the  shots  were  heard  at  Kooltjesberg,  but  none  were  perceived 
at  the  opposite  place.  But  the  wind  shifting  the  following 
night,  a  good  number  of  corresponding  or  simultaneous  shots 
were  distmctly  heard  on  both  stations.  The  particulars  of  the 
experiments  made  in  these  different  days  will  be  found  in  the 
tables  annexed  to  this  paper.  The  disappointment  we  met 
with  on  the  first  days  was  however  not  entirely  fruitless ;  we 
were  convinced  by  it,  that  none  but  exactly  corresponding  shots 
can  be  of  use  in  determining  the  velocity  of  sound.  The  result 
of  the  observations  of  26th  and  26  th  of  January,  when  the 
reports  were  heard  at  one  station  only,  and  reduced  to  0^  tern- 
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iuce  (if  the  ceiiUgrE^de  scale,  and  dry  air,  give  differences  of " 
^  wlijIstUie  obseivatioos  of  27tii  and  28th  of  January,  when 
|{|0^s,  were  distinctly  heard  on  both  stations,  had  only  a  diliTer- 
Upe  of  3^ J  ftom  each  other. 

J  The  time  which  sound  employs  to  travel  from  one  station  to 
[Qtber  being  duly  ascertained,  we  proceeded  to  measure  the 
tstance  between  both  stations.  The  distances  of  the  steeples 
f,  Utrecht  and  Amersfoort,  Utrecht  and  Naarden,  and  Naar- 
.  arid  Amersfoort  being  accurately  known,  we  measured 
igles  on  our  stations  between  these  steeples,  and  on  each 
p!e  between  the  other  steeples  and  the  stations,.  Thus  the 
,  distance  was  calculated  by  four  different  triangles,  and.  the 
greatest  difference  between  these  calculations  was,^%4fl.-or 
leigjit  feet,  "'li'ch  appeared  of  no  consequence  in  tliese  asiJeri- 
.ni^ts.  The  distauces  ol*  the  different  steeples  which  we  took 
Jgr  our  basts,  result  from  the  very  exact  geometrical  survey  of 
,  Qfmeral  Krayenhoff.* 

, ,.,  F^om  these  different  data  we  found,  by  calculations  of  which 
, J^e  detail  will,  be  given  hereafter,  that  in  our  experiments  at  a 
.iejnperature  of  32"  Fahrenheit,  or  0°  of  the  centigrade  scale,,  the 
■  >Iocity^  pf  sound  is  332"',049,  or  1089,7445  Enghsh  feet  per 
sexagesimal  second.  A  table  showing  the  comparison  of  our 
experiments,  with  the  observations  of  other  philosophers,  is 
also  annexed  to  this  paper. 

Experimenls  on  the  Velocity  of  Sound  on  the  27lh  June,  1823, 
compared  with  Theory. 
Having  thus  far  stated  the  means  by  which  the  distance 
between  the  stations  of  Koolljesberg  and  Zevenboompjes  was 
ascertained,  and  the  rate  determined  of  the  clocks  by  which  the 
velocity  of  sound  was  measured,  I  will  now  proceed  to  give  the 
eifperimeuts  which  were  made  on  the  27th  of  June,  and  compare 
,|^e  result  with  theory.  The  following  table  contains  the  time 
»bicji  sound  employed  to  travel  over  the  basis  on  the  27th  of 
[Jltiq.^,  when  22  shots  were  simultaneously  fired,  and  equally 
.i^^n  and  heard  on  both  stations.  The  &rst  column  of  this  table 
;^howa  the  number  of  the  shot,  the  second  the  time  which  sound 
.  ei^ployed  to  travel  from  Kooltjeaberg  to  Zevenboompjes,  as 
.qbserved  on  the  latter  station,  and  the  third  column  the  ,time 
rVbich  sound  employed  to  come  from  Zevenboompjes  to  Ko.<4t- 
jj^sberg,  also  observed  on  the  latter  place. 

I  TrigonomBtriques  en  HoUande,   pSr'le.  . 
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JExoerimeHts  on  the  Velocity  of  Sound,  made  the.  TIth  ^nm,  :18$3. 


I. 


1 
3 

4 

5 

6 

7 

» 

9 

11 

12 

13 

14 

16 

17 

18 

19 

20 

22 

23 

24 

25 

26 


II. 

Sound  travelled 
ftom  Kooltjealietg 
to  ZeTcnbotHnpjts. 


62,90" 

52,69 

52,71 

52,92 

62,84 

63,04 

62,89 

52,79 

62,83  ■ 

62,77 

52,79 

62,99 

62,90 

62,64 

62,90 

62,87 

62,92 

62,91 

62,64 

62,57 

52,90 

62,96 

1162,37 

1123,70 

2286,07 


»ptmm4mmr^ 


III. 

Sound  travcOed  fimn 
Zerenboom^fM  to 
Kdo^eibag.  . 


61,17"      ' 
60,89 

60,68 
50,80 
60,86 
60^ 
61,01 
61,00 
60,99 
60,98 
51,10 
61,07 
61,08 
51,28 
61,21 
51,18 
61,33 
51,38 
61,36 
61,32 
61,14 
61,01 
1 123,70 

,  2286,07 
and  — ^ 


-*«* 


.     .  .*f 


.  ^ 


;.    »V 
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=  51,96 


// 


Thus,  taking  the  mean  of  all  the  observations,  we  have  tSie 
velocity  with  which  soiitid  travelled  along  our  basis  free  of  the 
accelerating  or  retarding  effect  of  wind,  on  the  27th  of  JunK 
1823,  equal  to  bV\9Q.  And  as  the  basis  was  equal  to  17669,28 
metres^  or  9664,7044  fathoms,  we  have  the  velocity  of  souod, 
found  by  experiment  as  above,  equal  to  340,06  metres,  pr 
1 1 16,032  English  feet  ner  second. 

Now^  whilst  these  22  shots  were  fired,  the  mean  tehip^rafidW' 
of  the  air  wad 


•1. 


At  Zevenboompjes  =  1P,21 
Kooltjesberg      =11   11 


Mean  temperature  1    ii 


on  both  stations 


16 


^Of  centrigade  scato. 
=  t 


The  me 
capillarity, 
scale,  was  as  follow 
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altitude  of  barometer  corrected  of  the  effect  of 
id  reduced  to  the  temperature  of  0°  of  centrigrade 


■  Station  of  Zevenboompjes 0"',7439 

■  Kooltjesberg    0    7456 

Mean  altitude  of  barometer 0    74475  =  p. 

The  mean  tension  of  aqueous  vapour  in  the  atmosphere,  s 
determined  by  Mr.  Danielrs  hygrometer,  was  at 


* 


Station  of  Zevenboompjes  =  0,00901235  metres. 
Koolijesberg       =  0,00949378 
Mean  tenaioQ  of  aqueous  vapour,  0,00925307  =  /. 


The  effect  of  gravity,  calculated  for  o 
foort  and  Naarden,  by  the  formula 


n  latitude  of  Amers- 


P 


=  (Ji)  (1  ■ 


0,002837  COS.  2  /} 

^-Si^}  1-  0.002837  COS.  2  {520  13'  33",35}  } 

g  =  9812,03  =  effect  of  gravity  ia  lat.  52°  13'  33",35 

The  ratio  of  the  specific  heat  of  the  air  when  the  volume 
is  constant,  to  the  specific  heat  of  air  at  a  com^tant  pressure, 

or  -,  is,  according  to  the  experiments  of  Gay  Lussao  and  Wel- 
ter, equal  to  1,3748=  U 

In  Sir  Isaac  Newton's  formula  v/  ^i  by  which  the  velocity 
of  sound  is  expressed,  D  is  the  density  of  air,  that  of  mercury 
being  taken  for  unit. 

By  Biot's  and  Arago's  experiments,  the  density  of  perfectly 
dry  air  was  found  at  0'°,76  barometrical  pressure  to  be  equal  to 
unity  divided  by  10466,82. 

But  when  the  barometrical  pressure  alters  and  becomes  p, 
and  the  temperature  becomes  (,  we  have  by  the  law  of  Marietta 


I  l04efl,83xO",76JI  +  (.  0,00375 J 

And  introducing  into  this  formula-  the  correction  for  the 
aqueous  vapour  existing  in  the  air,  and  calling  F  the  tension  of 
aqueous  vapour  existing  in  the  air,  we  find 


D  = 


lU461i,S2  x(^,Tejl+f -0,00375^ 


This  value  of  D  being  subatitiited  in  Sir  Isaac's  formula,  wbJ 
have  the  velocity  of  sound  by  theory 
t2 
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V  =       /?y  ^^  /  $P'  >04aM^x  01,76  {1.^.0,00375} 

V  P       V y-jF 

«  a/  { 10466,82  X  0»,76  {1  +  ^  .  0,00376}}^4jf 

According  to  Laplace,  thia  formula  must  be  multiplied  by  the 
square  root  of  the  ratio  between  the  specific  heat  of  air  at  a 
constant  volume,  and  the  specific  heat  of  air  at  a  constant  pres- 
sure. Thus  the  final  formula  for  the  velocity  of  sound,  given 
by  theory,  is 

V  =  y/ {10466,82  X  0«,76{1+^  .  0'03376}|^jy  ^  yj^ 

Substituting  in  this  formula  the  quantities  stated  above, 
theory  gives  Uie  velocity  of  sound  for  the  state  of  the  atmo- 
sphere on  the  27th  of  June,  1823,  when  the  experiments  were 
made,  V  =  336,14  metres,  or  1099,886  English  feet;  but  the 
velocity  as  obtained  by  experiment  was  340,(fe  =2  1116,032  feet. 

Difference  between  theory  and  experiment  the  27th  of  June, 
4,92  metres  =  16,147  feet. 

Experiments  on  the  Velocity  of  Sound  oh  28th  of  June,  1823, 

compared  with  Theory. 

On  the  28th  of  June,  1823,  fourteen  simultaneous  shots  were 
equally  seen  and  heard  on  both  stations;  the  following  table 
contains  the  results.  r 


Sound  traveUed 

Sound  trayeUed 

from  Kodt- 

from   Zeven- 

■                                    ^ 

jesberg      to 

boompjes   to 

Number 

Zevenboom- 

Kooltjeabefg 

of  shots. 

jfsm 

• 

3 

61,81" 

62,12" 

4 

61,94 

62,10 

6 

51,77 

61,28 

6 

51,98 

62,51 

7 

62,17 

52,46 

.   .  I 

8 

62,15 

62,28 

9 

62426 

63,10 

10 

62,18 

60,17 

^ 

12 

52,40 

62,19 

1 

14 

62,27 

62,62 

1            ,     .  1  i-'t 

'    15 

52,27 

61,66         i- 

■'•.■'.-         •«     --w 

17 

.62,23. 

51,62 

.  .-••/' 

1«  » 

'-    68,49 

61>99    .: 

*  ■* 

19 

fiS,56 

51,60 

t 

Sum 

730,47' 

727,&0  /■ 

.1.     •■.      ;. 

Zevenboooipjes  ... 

Kooitjesbecg 

Mean  temperature , 
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The  mean  result  by  expfiriment  on  tha  28th  of  June,  1823,  is 
'  52,07,  in  which  time  sound  travelled  along 

the  basis  of  17669,28   metres,    or  57988,2264   English   feet. 
Thus,  the  mean  velocity  of  sound  on  the  28th  of  June  in  1",  is 
339,34  metres  =  1113,669  English  feet. 
_'nie|  mean  temperature,  when  these  experiments  were  made, 

'^    >  Cendgrade  scale. 

....  10°,07 
....  11  36 
....   11    215=t(y 

r   Mean  height  of  the  barometer,  corrected  for  capiliaiitjr,- ' 
■^duced  to  0°  of  centigrade  scale, 

Zevenboompjes 0,7476  metres. 

Kooltjesberg 0,7487 

Mean  barometer,  or  p  = 0,74815 

Mean  tension  of  aqueous  vapour 
"  li'  by  Mr.  Bauiell's  hygrometer 

F  =    0,00840465 

These  quantities  being  substituted  in  the  formula,  we  have 
the  velocity  of  sound,  by  theory,  on  the  2Sth  of  Juae,  182J, 
V  =  335'°,10  metres  =  1099,753  English  feet;  by  experiment, 
339",34  metres  =  1 1 13,669  feet. 

Difference  between  theory  and  experiment  4,24  metres  = 
13,916  feet. 

Thus  it  appears  by  the  experiments  both  of  the  27th  and 
28th  of  June,  that  sound  travels  faster  than  its  theoretical  cal- 
culation. 

L      The  27th  of  June,  difference  of  experiment  and  theory  4"',92 
■>  28th  of  June     4'°,24 

The  diflerence  between  the  experiments  of  27th  and  28th  of 
June,  is  but  of  0-",62,  or  2.3629  feet ;  that  is  about  -^  of  the 
mean  result  of  the  experiments  of  both  da^s. 

The  French  philosophers  found  a  difference  between  their 
experiments  of  23d  and  24th  of  June,  1822,  of-^V-  B"t  the 
difference  of  ■^^,  which  we  obtained,  if  we  reduce  the  obser- 
vations of  both  days  to  what  they"  would  have  been  in  perfectly 
dry  air,  and  in  temperature  of  0°  cent,  is  still  remarkably 
lessened.  The  formula  by  which  the  velocity  of  sound  in  given 
hygrometrical  circumstances,  and  a  given  temperature  of  the 
air,  is  reduced  to  what  it  would  be  in  dry  air  of  0°  cent,  tempe- 
rature, calling  U'  the  velocity  of  sound  in  dry  air  of  0°  tempe- 
rature ;  U  the  velocity  of  sound  at  a  tension  of  aqueous  vapour 
=  F,  is  as  follows  : 
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V 


v^ 


■WT" 


"***1 


F 

©,37861)  - 


The  27lfc  of  Jiine,  T823,  we  had 

U  =3  340»,06  =  1116,032  English  feet 
t  =  11^16  ce»^ 
F  t=  0,00926307 
l>.s=  0,74476  metres. 

Sabstituting  these  quantities  in  the  fonpula,  we  have 

U'rs  332«,38  =  1090,827  EngUsh  feet. 

The  JSth  June,  1823,  we  had 

U  =  339°>,34  =  1113,669  feet 
^  _  \\o  215 

F  =  0,00840466 ; 

which  being  substituted  in  the  fonnula,  we  have 

U'=  331»,72  =  1088,661  English  feet 

Thus  the  difference  between  the  observations  of  both  days, 
when  reduced  to  dry  air,  and  0°  cent,  is  0?,66  =s  2,166  feet; 
or  "g^  of  the  mean  of  the  observations  of  both  days.  It 
appears  also,  that  by  our  experiments  of  the  27th  and  28th 
of  June,  1823,  the  mean  velocity  of  sound  in  air  perfectly 
dry,  and  at  QP  temperature,  was  332"",06  =  1089,744  feet  in  a 
second. 

Eocperiments  on  the  25th  of  June,  when  the  Shots  were  not  recU 

procaL 

The  following  experiments  will  I  trust  prove,  that  in  experi- 
ments on  the  velocity  of  sound,  such  observations  can  only  be 
relied  on  in  which  the  shots  on  both  stations  were  reciprocal,  that 
is  fell  within  the  same  second  in  both  places,  and  were  equally 
heard  and  seen  on  both  stations.  The  26th  of  June,  the  cannon 
fired  at  Zevenboompjes  was  not  heard  at  Kooltjesbei^,  but  at 
Zevenboompjes  the  report  of  the  guns  fired  at  the  other  place 
was  distinctly  perceived.  The  following  table  shows  the  time 
preterlapsed  between  the  light  and  report,  as  observed  at 
l^evenboompjes. 


■  ^* 


1  ■#.;' 


-J  -^\\A 


» < 


I-  * 


1825.] 


Velocity  of  Somd. 


279 


•■MMNIM)HI|MHMP"*MI> 


1823. 
25th  June ^ 


Number    Time  between  J 
of  shots,  light tnd  report! 


1 

2 

4 

7 

8 

10 

12 

14 

16 

16 

17 

19 


62,31" 

62,59 

52,47 

52,20 

52,47 

62,17 

62,27 

52,52 

52,64 

62,43 

51,91 

62,60 


i»-«p— *••«••• 


Observations  at  the  sta- 
tioa  of  Z^yenboompjes, 
guns  fire<l;  at  the  station 
of  {kooltjesbjerg. 


Sum  628^39,  which  being  divided  by  twelve, 
the  number  of  observations,  gives  the  passage  of  sound  along 
the  basis  62'^,37.    Thus  the  mean  velocity' in  f'  v^as  337'",39 
fi=  1107,268  feet. 
The  mean  temperature  fit  the  time  of  these  experiments 


Centignide,    . 

at  Zevenboompjes  •  • . .  • 7^,  41 

Kooltjesberg 8,54 

Mean  temperature  of  the  air  .  •  •  7  ,975  =  t 

Mean  height  of  the  barometer  corrected  for  capillarity,  and 
at  O""  cent. 

Ht  Zevenboompjes   *  •  •  •  0'",7522 

Kooltjesberg  0  ,7538 

Mean  barometer • 0  ,7530  =i  -p 

.Mean  tension  of  aqueous  vapour  in  the  air, 

at  Zevenboompjes 0,00737444 

at  Kooltjesberg 6;00706&<J6 

Meantension 0,00722205  =  F, 

which  quantities  substituted  in  the  formula,  we  have  for  tem- 
perature 0®  cent,  and  in  perfectly  dry  air  the  velocity  of  sound 
U'  s  331,85  metres  =  1089,087  feet. 

Experiments  of  26th  June,  1823,  when  the  Shots  voere  not  reci^ 

procaL 

The  26th  of  June,  the  following  shots  were  seen  and  heard  at 
Kooltjesberg  and  fired  at  Zevenboompjes,  but  no  shoots  from 
the  first  station  were  heard  at  the  latter. 


m 

IrnaJut  31^'  'Wnmber    Time  b, 
ofihoCB.   lighta' 


[Oct. 


Totalof  12  shots   560,78 


60,20" 

50,80 

31,44 

62,20 

61,10 

50,11 

50,99 

50,8! 

51,00 

51,01 

51,12 


Guns  fired  at  ZevenbolMp^ 

jes,    heard    and    seen    at 
Kooltjesberg. 


The  mean  of  which  iaSO", 


which  gives  a  velocity  of  346,59  metres  =  1137,134  feet  in  1".   . 
The  temperature  was  at  that  time 

*  n?  -■-  ■ 

at  Zevenboompjes  11°,  57 
h      ■"  Kooitjesbei^      12  ,  54 


Mean  temperature  . 


57  'i^l 

12  ,  54  "J^H 

12,056  =^  "^^1 

pjea        0'",74g3^H 
'  0",7512. 


Mean  atmospheric  pressure  at  Zevenboompjes 
Mean  atmosplieric  pressure  at  Kooltjesberg 
Mean  pressure  of  atmosphere  0,75025  =  p. 
Mean  tension  of  aqueous  vapour  at  Zeven-T  ^  f. 

boompjes J    ' 

at  Kooltjesberg    0,01011376 
Mean  tension  of  aqueous  vapour 0,00952149  =  F 

Calculating  by  this  datum  we  shall  have  the  observed  velo- 
city of  sound  in  1"  reduced  to  dry  air  and  0°  temperature 
V  =  338"',20  =  1109,927  feet;  but  the  experimenta  of  the 
25th  gave  V  =  331'",85  =  1089,087  feet.  Difference  6-",35 
=  20,840  feet  per  1"  between  the  experiments  of  the  26th  and 
26th  of  June,  in  which  the  shots  were  not  reciprocal.  This 
difference  is  about  -^  of  the  mean  of  both  observations.  But 
the  27th  and  28th  of  June,  when  the  shots  were  reciprocal,  the 
difference  between  the  results  ol'  both  days  were  only  0",6G  = 
2,166  feet,  that  is  about  -j-j^  of  the  mean  result  of  the  obser- 
vations. 

From  the  comparison  of  these  results  we  may  safely  infer, 
that  only  such  shots  wilt  answer  the  purpose  for  which  these 
experiments  are  made,  which  are  exactly  hred  at  the  same 
instant  on  both  stations. 

It  is  in  this  respect,  I  imagine,  that  our  experiment  may 
claim  some  attention,  as  the  very  great  care  and  ability  of  our 
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artillery  men  enabled  us  to  have  the  guns  fired  within  the  interval 
of  one  second. 

A  Table  showing  the  Results  of  Ercperiments  oti  the  Velocity  of 

Soutia  as  observed  by  different  Philosophers, 


1 


Names  of  obseivsrs. 


orenline  philosophen 
aiket 

iBsini,  Huigena,  &c. 
aiusteed  and  Hallcy 

-ench  Academiiina 

1  Condamiae 
K  Condamine 
.  F.  Alayei 
.  E.  Muller 
pinozaandBuiza 
enzenberg 

rago,  Mathieu  Prony 
loU,  Vaj)Beefc,and  " 
KujtEpbniu  wer 


when   Counlrj  where! 


no4  a  r 

1738 
1740 
1740 
1744 
.778 


Length  of  basis  in  feet.  pecBeoond  in  feet. 


Hal  J' 
England 

England 
England 

Quito 

aany 
nany 

Chili 

Germany 

Netherlands 


I469-S8 

esoa-s 

I  ISUS'SS 

I151-G3 

164050 

fie4g'ata666S       ||I4I'78 

75m-5aand935B3-8109K-o7BtS2°F. 

1043-35 


6T40I-58 

I  1293(16-54 

3108-40 


1  lianas 

llT4'5a 

1106-69 

1108-97 

1)68-50 
|l093-67  atSaoF.  1 

l08fi-0 

<  1089-7445  a 

?3£'^F.dryai. 


1.  Mersennode  Atte  Ballistiia,  Prop.39, 

S.  Tentamina  Enperim.  Acad,  del  Cimento,  L.B.  1738,  Part  II.  p.  Ilfi. 

3.  Philos.  Trans.  1693,  No.  S47. 

4.  Duhamel,  Him,  Acad,  Eeg.  L.  II.  Sect.  3,  Cap.  II. 

5.  Philoa.  Trans.  nOS  and  1709. 

6.  Ibid.  ibid. 

7.  Mem.  de  I'Acadeniie  des  Sciences,  1738  and  1139. 

8.  Comiuait,  Bononienees,  vol.  ii.  p.  365. 

9.  LaCoDdamine  InCroducdon  Uislmique,  &c.  1751,  p.  98. 

10,  Mem,  de  I'Acad.  Boyale  dea  Sciences,  1745,  p.  488. 

1 1.  J.  T.  Mayer,  Praktische  Gfometrie  OSttingen,  179!,  B.  I,  p.  166. 
18.  Muller,  Osttuig.  Oelehn.  Anzeige,  1791,  St.  l59Et  Vwgts  Magaziii,  &c  B.  8;   I 

Bkl.p.  170.  ' 

k^lS-  Annalea  de  Chimie  et  de  Phys.  t.vii.p.  93. 
tl*.  Gilbert's  Annalen,  neue  Folgc,  B.  v,  p.  383. 
(15.  ConnDissancede8Tems.l8£5,p.361. 


Article  VJII. 

On  Copper  Sheathing.  1 

z  copy  the  following  answer  to  an  article  which  appeared 
it  Beems,  in  the  Plymouth  Journal  a  short  time  since,  from  fli 
Devonport  Telegraph  of  Sept.  3  : — 

Sir  H.  Daily's  Protectors. 

"  We  cannot  descend  to  personahtiea  with  the  Plymouth 

Journal  and  its  vulgar  auxiliaries — a  style  of  writing  which  we 

thought  had  departed  with  its  former  editor.     We  repeat  our 
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^onyictioii^  that  the  article  originally  complained  of  was  calcu- 
late4  to  convey  a  wrong  impression  to  the  world,  and  we  know 
it  h^s  in  more  than  one  case  produced  an  injurious  effect.  The 
impression  derived  from  that  article  was,  that  Government  had 
abandoned  Sir  H.  Davy's  plan  altogether,  which  is  contrary  to 
thejact;  and  our  cotemporary  has  been  compelled  by.  us  to 
ja^hmt,  that  all  shim  in  a  good  condition  in  ordinary  are  to  befitted 
with  protectors.  Our  assertion  was,  that  the  application  of  pro- 
tectors was  suspended  for  sea-going  ships,  but  that  they  were  to 
be  applied  to  ships  in  ordinary,  and  we  cited  the  Royal  Sovereign 
as  an  instance.  Let  our  readers  compare  this  assertion  with  the 
following  public  order,  copied  from  the  PlymotUh  Journal,  and 
we  are  sure  they  will  feel  satisfied  that  we  nave  done  that  which 
was  right — right  for  the  public  service,  and  right  for  the  fame 
of  Sir  H.  Davy — the  true  and  equitable  mean  which  ought  at  all 
times  to  be  observed: — 

"  'Public  Order,  July  23. 

<'  ^In  pursuance  of  an  order  from  the  Lords  Commissioners  of 
the  Admiralty  of  the  19th  inst.  we  direct  and  require  you  to 
consider  it  as  a  general  rule,  that  no  sea^soing  ship  is  to  be  fitted 
with  Sir  Humphry  Davy's  protectors,  and  that  when  such  ships, 
in  good  condition,  come  mto  dock  from  time  to  time  to  refit, 
the  protectors  now  upon  them  are  to  be  removed. 

'*  *The  protectors  are,  however,  to  be  applied  to  ships  in  good 
condition  in  ordinary,  and  when  such  ships  are  brought  forward 
for  service,  the  protectors  are  to  be  removed,  and  the  copper 
cleaned.' " 

"  In  addition  to  this  order,  another  was  issued  here  on  Mon- 
day last,  breathing  the  same  spirit  as  the  former,  and  affording 
an  additional  confirmation  of  our  views,  for  an  additional  con- 
firmation it  inust  be  regarded,  when  it  extends  the  application  of 
protectors  even  to  sheer-hulks  and  receiving-ships.  This  order, 
however,  having  been  furnished  confidentially  from  high  autho- 
rity, we  do  not  teel  ourselves  at  hberty  to  publish  it,  but  any  one 
interested  in  the  inquiry  may,  no  doubt,  see  it  in  the  Dock-yard. 

"  We  ask  for  nothing  unfair.  We  ask  only  to  have  these 
orders  compared  with  the  original  article  in  the  Journal,* — the 

*  (Extract  from  the  Plymouth  JoomaL) 
i(  *•  Failure  of  Sir  H.  Davy's  Plan  for  the  Protection  of  Shipi  Bottoms^ — ^The 
plan,  some  time  nnce  recommended  by  Shr  H.  Davy,  to  prevent  fhe  oxidation  of  cojppa 
ob  lAips'  bottoms,  and  which  was  adopted  by  Gkyvexnment  wiA  s  latidabfe  zeal  fbrtiie 
inteifsts  of  tcUnees^  has  not  been  found  to  produce  the  eiqiected  benefits.  In  tihs 
mstanoe  of  one  oiT  his  Majesty's  ships,  which  was  fitt^  four  years  ago  on  Sir  H.  JXiry^ 
plan,  and  which  is  now  undergoing  repair  in  this  Dock-yard,  it  appears  that'the  gahranic 
kiflaenoe  of  the  iron  has  ind^  prevented  the  oxidation  of  tbe  copper,  but  the  bottom 
of  Ae  shqp  is  found,  as  in  the  case  of  wood  sheathing,  to  be  foul  wim  weeds  and  luma- 
c/^.  to  provide  agahist  which  copper  bottoms  were  originally  adopted.  We  shaU  next 
i^k  'itiore  partiralarly  allude  to  the  nature  of  the  process,  meanwhile  we  understand 
tkat  ordert  have  been  received  to  discontinue  the  fitting  of  ki$  Majesift  tlupt  an  Sir 
J0mnpkry  Davifs  principle,'* " 
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it   ftS    ^^ 


anlif  article  with  which  vie  have  to  do — and  every  honest 
must  say.  Justice  was  not  done.  Let  it  also  be  remembered,  ._^ 
by  far  the  major  part  of  our  navy  is  now  in  a  state  of  ordinary*, 
and  likely  so  to  continue  for  many  years  to  come  ;  and  that  to 
by  far  the  greater  part  of  the  ships  in  that  state  the  orders 
above  given  actually  apply ;  and  that,  therefore,  in  an  economical 
point  of  view,  the  application  of  protectors  to  bo  many  ships 
must  be  of  immense  national  advantage.  It  was  only  on  Tuesday 
last  that  protectors  were  applied  to  the  Saturn  at  this  yard,  a  cir- 
cumstance which  our  cotemporary,  with  his  accustomed  candour, 
carefully  conceals,  although  it  seems  not  at  all  at  a  loss  for 
instances  hoEtile  to  the  plan.  It  is  for  this  reason  that  we  envy 
not  the  feelings  which  dictated  tlie  original  paragraph,  and  we 
repeat  our  first  assertion,  that  no  friend  of  Sir  H.  Davy  could 
have  written  it,  and  when  the  latest  history  of  these  protectors 
shall  be  given  to  the  world,  the  author  of  that  article  will  have 
the  honour  of  being  classed  wiih  some  other  worthies  of  the 
same  stamp ;  he  will  form,  with  the  Editor  of  the  Times  and 
Mr.  Samuel  Deacon,*  an  unenvied  triumvirate.  We  shall  defer 
any  farther  remarks  until  the  publication  of  Sir  H.  Davy's  next 
paper." 

Through  the  kindness  of  Sir  Robert  Seppings,  we  are  enabled 
to  subjoin  the  second  order  alluded  to  by  the  author  of  the  pre- 
ceding observations  <    It  is  dated  Au^i27,  1825: — 

"  In  addition  to  our  warrant  of  die  '236  ult.  respecting  the 
application  of  Sir  H.  Davy's  mode  of  protecting  copper  on  the 
bottoms  of  ships  in  good  condition  intended  to  lie  in  ordinary, 
i  direct  and  requne  you  to  cause  it  to  be  applied  also  as 
ipqrtunities  offer  to  the  stationary  ships,  such  as  sheer-hulks, 
ceivlng-ships,"  &c.  &c. 

.It  is  not  for  us  to  question  the  propriety  of  the  measures 
idopted  by  the  Lords  Commissioners  of  the  Admiralty,  though 
we  cannot  help  still  thinking  that  by  a  due  adjustment  of  the 
proportion  of  the  protecting  to  that  of  the  copper  surface,  the 
mode  may  yet  be  found  perfectly  applicable  to  sea  going  ships, 
as  well  as  to  those  in  ordinair.  8tc.  It  seems  to  us  to  be  one 
of  those  cases  in  which  the  theort/  is  so  obviously  correct,  that 
whatever  difficulties  may  occur  in  the  earlier  attempts  to  reduce 
the  method  to  practice,  there  must  be  certain  circumstances 
which,  when  once  discovered,  will  ensure  complete  success, 
What  those  circumstances  are  can  only  be  determined  by  reflec- 
tion and  experiment.  Sir  Humphry  Davy  has  already  done 
much,  and  we  do  hope  that  every  facility  will  be  afforded  him 
for  continuing  and  perfecting  his  labours  on  this  nationally 
momentous  subject.  He  has  victoriously  contended  with  dif&- 
ciikiefi  in  our  estimation  i'ar  greater  than  any  that  await  him  In 

•  Sec  ^nAa!s  vf  P/uliiiu,,!,!,,  jo^ti  141  and  36J, 
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this  iayestigation^  and  we  confidently  predict  that  his  keen  and 
indefatigable  genius  will  ultimately  triumph  over  eveiy  present 
obstacle* 

The  two  Admiralty  Orders  quoted  above  show  the  sense  which 
that  Board  entertains  of  the  value  of  Sir  Humphry  Davy's  disco- 
very with  respect  to  ships  in  ordinary ;  and  the  intelligent 
autnor  of  the  article  in  the  Devonport  lele^aph  has  Justly  and 
forcibly  insisted  on  its  immense  importance  m  that  poiQtof  view 
alone. .  But  in  the  opinion  of  the  jPly mouth  Editor,  Sir  Hum- 
pbty:I)i^vy's  plan  is  k  failure.  *'  Thy  wish  was  father,  Harry,  to 
t^y  thought,  though  why  it  should  be  so,  we  know  not ;  that 
is  no  business  of  ours : — so,  without  furdier  comment,  to  his 
wishes  and  his  thoughts  we  leave  him. — C. 


Article  IX. 

Analysis  of  the  Seleniurets  of  the  Eastern  Harz. 

By  M.  Henry  Rose.* 

The  seleniferous  minerals,  whose  analysis  is  subjoined,  were 
discovered  by  M.  Zinken,  mine-engineer  to  the  Duke  of 
Anhalt-Bernburg.  They  are  found  in  the  eastern  part  of  the 
Harz,  at  two  places,  situated  at  a  small  distance  from  each  other, 
one  of  which  is  near  Zorge,  in  the  veins  of  iron  which  traverse 
the  argillaceous  schist  and  diorite :  these  seleniurets  are  disse- 
minated in  magnesian  carbonate  of  Ume.  The  other  point  is 
near  Tibzerode,  in  the  veins.  The  seleniurets  at  the  latter  place 
are  found  in  larger  quantity,  dispersed  also  in  magnesian  car^ 
bonate  of  lime,  and  are  frequently  accompanied  by  small  quan- 
tities of  native  gold. 

M.  Zinken  observed  the  presence  of  selenium  in  these  mine- 
rals in  1823.  He  had  the  goodness  to  send  me  a  large  quantity 
of  the  seleniurets,  of  which  I  have  analysed  only  five  varieties^ 
the  rest  not  being  sufficiently  pure  to  be  calculated  for  a  quanti- 
tative  analysis. 

I  analysed  these  minerals  by  means  of  chlorine.  I  converted 
all  the  metals  they  contain  into  chlorides,  and  separated  the 
chloride  of  selenium,  which  is  volatile,  from  the  rest  which  are 
fixed.  I  did  not  use  nitric  acid,  or  aqua  regia,  to  dissolve  these 
minerals,  because  they  always  contain  lead,  and  consequently  I 
should  have  been  obliged  to  precipitate  the  oxide  oi  lead  by 
sulphuric  acid ;  but  in  order  to  obtain  the  whole  of  the  suli>hate 
of  lead,  it  would  have  been  necessary  to  evaporate  the  liquid  to 
dryness,  and  to  heat  the  dry  mass,  to  drive  off  all  the  firee  acids; 
which  would  have  rendered  it  impossible  to  determine  the  quan- 

*  Fropi  the  Annales  de  Chimie. 
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tity  of  selenium.  On  the  contrary,by  precipitating  the  seleniui 
from  the  acid  solution  by  sulphurous  acid,  we  do  not  obtain  l£ 
whole  of  it,  because  a.  small  qnantity  of  seleniate  of  lead,  aol 
even  of  sulphate  and  chloride  of  lead,  are  thrown  down  at  thi 
same  time. 

The  apparatus  I  employed  in  these  analyses  is  nearly  the  same* 
as  that  wnich  M,  Berzelius  used  in  hie  analysis  of  grey  nickefc*" 
1  welded  two  tubes  to  a  small  glass  bulb ;  one  of  the  tubes  witf' 
of  small  diameter,  and  four  inches  long;  the  diameter  of  tfij 
other  was  much  larger,  and  its  length  twelve  inches.  Hi 
bent  the  latter  to  a  right  angle,  near  the  middle,  I  weighed  thl 
whole  apparatus,  then  introduced  the  pulverised  mineral,  and 
weighed  it  again.  The  smaller  tube  was  joined  to  an  apparatus 
in  which  chlorine  was  very  slowly  disengaged,  and  the  gas  was 
dried  by  chloride  of  calcium.  The  bent  tube  passed  into  a 
bottle,  filled  two-thirds  with  water^  traversing  a  perforated  cork, 
which  did  not  close  the  bottle  hermetically,  and  dipping  only  a 
few  lines  deep  into  the  water. 

The  apparatus  being  filled  with  chlorine,  the  bulb  was  very 
gently  heated  by  a  spirit-lamp.  Chloride  of  selenium  formed 
and  sublimed.  Protochloride  of  selenium  forms  at  first,  and 
flows  through  the  tube,  as  an  orange  coloured  liquid,  into  the 
water  in  the  bottle,  where  it  deposits  selenium,  the  greater  part 
of  which  is  afterwards  redissolved  by  the  chlorioe  which  traverses 
the  liquid.  Afterwards  scarcely  any  thing  but  perchloride  of 
selenium  is  formed,  which  has  great  resemblance  to  the  perchlo- 
ride of  phosphorus;  it  condenses  in  the  tube,  and  would  choak 
it  up  if  Its  diameter  were  not  pretty  considerable.  It  is  neces- 
sary very  frequently  to  volatihse  the  chloride  which  condenses  i 
the  tube  near  the  bulb,  by  the  flame  of  a  small  lamp,  and  thi 
make  it  pass  over  into  tne  water  in  the  bottle,  which,  if 
quantity  be  large,  is  somewhat  difficult.  The  chlorine  must  be 
very  slowly  liberated ;  for  if  the  bubbles  of  gas  rise  too  rapidly 
through  the  water,  the  chloride  of  selenium  which  they  contain 
has  not  time  to  be  decomposed  by  the  water,  and  a  portion 
escapes  by  the  little  aperture  in  the  cork  undecomposed. 

1  caused  chlorine  to  pass  over  the  mineral  for  half  a  day  ;  all 
the  metals  were  then  perfectly  changed  into  chlorides.  The 
operation  was  at  an  end  when  chloride  of  selenium  ceased  to  be 
formed.  The  bulb  was  then  cautiously  cooled  lest  the  glass 
should  crack  by  the  coohng  of  the  fused  chloride  of  lead. 
When  cold  1  cut  off  the  part  of  the  wide  tube  which  still  con- 
tained chloride  of  selenium,  and  dropped  it  into  the  liquidinthe 
bottle.  After  having  washed  it,  I  weighed  the  tube  with  the 
bulb  containing  the  fixed  clilcrides.  If  the  mineral  contained 
iron,  a  portion  of  the  chloride  of  iron  was  found  in  the  tube,  and 
the  remainder  with  the  fixed  chlorides. 
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It  is  necessary  not  to  overheat  the  bulb|  lest  a  portion  of  chlo- 
ride of  lead  should  be  volatilized. 

The  selenium  was  thrown  down  from  the  liquid  in  the  bottle 
by  sulphite  of  ammonia,  muriatic  acid  having  been  previously 
added  to  the  liquid.  The  selenium  was  collected  on  a  filter^ 
dried,  and  weighed.  Although  it  is  very  easy  to  throw  down 
the  whole  of  the  selenium  from  a  solution  or  selenic  acid  by 
sulphurous  acid,  it  is  nevertheless  very  difficult  to  precipitate  it 
from  a  solution  of  chloride  of  selenium  in  water,  through  whieH 
a  current  of  chlorine  has  been  passed  for  a  long  time.  The 
liquid  must  be  digested  a  great  wnile  with  sulphite  of  ammoniis^ 
and  freouently  boiled,  in  order  to  obtain  the  whole  of  the  sele^ 
nium.  The  iron  was  precipitated  from  the  li(]^uid,  afler  Uie  sepa- 
ration of  the  selenium.  The  seleniurets  which  I  analysed  are 
the  following : — 

1.  Seleniuret  of  Lead. — ^This  was  the  most  frequent  seleniuret 
in  tbe  minerals  1  received.  It  has  internally  so  great  a  resem- 
blance to  sulphuret  of  lead  as  not  to  be  easily  distinguished 
from  that  substance.  Its  colour  is  lead  grey,  its  lustre  very 
metallic ;  it  occurs  in  masses  imbedded  in  magnesian  carbonate 
of  lime,  from  which,  however,  it  maybe  very  easily  fi^ed  for 
analysis  by  digestion  in  weak  muriatic  acid.  Its  fracture  is 
saccharoidal ;  the  granulations  are  of  various  fineness,  the 
coarsest  distinctly  exhibiting  a  lamellar  cleavage,  the  directions 
of  which,  however,  I  could  not  determine :  it  is  brittle  and  soft. 

This  mineral,  purified  by  diluted  muriatic  acid,  gives  no  sub- 
limate, nor  fuses,  when  heated  by  the  blowpipe  in  a  small  tube 
closed  at  one  end.  Heated  in  an  open  tube,  a  small  quantity 
of  selenium  sublimes,  and  hygrometrical  crystals  of  selenic  acid 
are  formed  at  the  same  time.  The  whole  assay  becomes  suf- 
rounded  by  fused  yellow  oxide  of  lead,  and  the  tube  is  filled 
with  the  peculiar  odour  of  selenium.  On  charcoal  it  fumes,  and 
tinges  the  fiame  of  the  lamp  blue  by  the  combustion  of  seleniutd. 
For  some  distance  round  the  assay,  the  charcoal  is  covered  with 
sublimed  oxide  of  lead,  but  no  metallic  lead  is  produced  without 
the  addition  of  soda.  The  fiuxes  discover  nothing  but  lead, 
though  some  specimens  give  indications  of  iron,  and  one  pre- 
sented traces  of  copper. 

After  all  the  experiments  I  had  made  with  the  blowpipe,  a 
quantitative  analysis  was  almost  useless  ;  only  seleniuret  of  lead 
could  produce  these  phenomena.  However,  I  analysed  a  very 
pure  specimen,  in  which  not  the  slightest  trace  of  either  iron  or 
copper  could  be  discovered  by  the  blowpipe.  3*221  grammes 
(50  grains)  of  the  purified  mineral  treated  with  chlorine,  gav^ 
3*104  graimoies.  (48  grains)  of  chloride  of  lead,  equivalent  to 
2*313  gramnies  (36*8  grains)  of  lead,  or  71*81  per  cent.  The 
cUorim  of  lead  dissolved  entirely  in  water  without  leaving  any 
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reeiduum  of  chloride  of  silver,  or  any  portion  of  the  mineral 
undecomposed.  Another  portion  oftlie  mineral  weighing  3-327' 
grammes  gave  0:918  gr,  of  selenium,  or  27'59  per  cent.  These 
results  agree  pretty  well  with  the  calculated  composition  of  tha' 
mineral,  according  to  which  seleniuret  of  lead. is  composed  of 
72'3  lead  and  27-7  selenium.  '. 

To  ascertain  whether  this  mineral  contain  any  trace  of  suiphurfi 
not  discoverable  by  the  blowpipe,  a  portion  was  treated  with^ 
chlorine,  and  the  siibhmate  made  to  pass  into  water.  Th^i  J 
liquid  was  rendered  very  acid  with  muriatic  acid,  and  muriate  ofi'  I 
baiytes  dropped  into  it;  but  not  the  slightest  precipitate  oil  1 
sulphate  of  barytes  could  be  perceived.  The  same  experimentnjl 
was  repeated  with  several  other  specimens  of  seleniuret  of  leadj*  • 
and  always  with  the  same  result.  i^ 

2.  Sehniuret  of  head,  with  Seleniuret  of  Cobalt. — M.  Zinkedh 
sent  me  only  one  specimen  of  this  mineral,  adding  that  it  has   1 
great  resemblance   as  to  its  elements  to   a  mineral  found  at(1 
Clausthal,  which  Mr.  Hausmann  named  Koballbhierz.    Exter-lfl 
nally  it  resembles  seleniuret  of  lead,  and  like  it  is  disseminated! ■ 
in  magnesian  carbonate  of  lime,  from  which  it  may  be  freed  t^l 
diluted  muriatic  acid.     Its  nature  is  easily  delected  by  the  btow^  tfl 
pipe.     It  gives  a  sublimate  of  selenium  when  heated  in  a  sma%fl 
tube  closed  at  one  end,  and  evinces  the  presence  of  cobalt  1^'^fl 
fusion  with  the  fluxes  on  charcoal.    In  other  respectg  it  behave*^ 
before  the  blowpipe  like  seleniuret  of  lead.     By  treating  1*782 
grammes(28grains)  with  chlorine,!  obtained  0- 56 grammes  (8*65 
grains)   of  selenium,   and   a   little   iron.     The  fixed  chlorides 
dissolved  entirely  in  water  without  leaving  any  residuum.    The 
liquid  was  evaporated  to  dryness  after  the  addition  of  sulphuric 
acid ;  the   dry  mass  heated  to  expel  the  excess  of  acid,  and 
mixed  with  water.     It  left  l*ti68  gramme  (25'8  grains)  of  sul- 

fhate  of  lead,  equivalent  to  1*139  gramme  (17'6  grains)  of  lead, 
then  threw  down  the  oxide  of  cobalt  by  caustic  potash,  but 
the  filtered  liquid  still  contained  a  little  cobalt,  which  was  pre- 
cipitated by  hydrosuiphuret  of  ammonia.  The  whole  quantity 
of  cobalt  obtained  was  0O56  gramme  (0-87  grain),  and  itstut,.,^ 
contained  traces  of  lead  and  iron,  which  were  not  i  '   ' 

from  it.     The  result  of  the  analysis  per  cent,  i 

_  J  Lead 63*92 

Wi  Cobalt 3-14 

Ht'  Selenium 31*42 

■/'  Iron 0-45 

Ej  Loss 1-07  ffl 

r  •-'-  100-00 

The  composition  of  this  mineral  appears  to  be  analogous  to' 
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that  of  iron  pyrites,  atiJ  may  be  called  cohalt'iferous  teUniuret  of 
lead.' 

3.  Seleniuret  of  Lead  with  Seieniaret  of  Copper. — Two  speci- 
mens of  the  minerals  sent  by  M.  Zinken  were  externally  precisely 
alike.  They  were  of  a  lead  grey  colour,  not  crystallized;  liad  a 
saccharoidal  fracture,  and  were  composed  of  nearly  homogene- 
ous masses.  They  were  surrounded  by  magnesiaa  carbonate  of 
lime,  but  not,  as  seleniuret  of  lead  generally  is,  disseminated 
through  it.  The  two  specimens  were  distinguishable  from  each 
other  by  the  difference  in  their  behaviour  before  the  blowpipe. 
Both  fuse  pretty  easily  on  charcoal  in  a  small  matrass,  bnt  one 
more  readily  than  the  other.  The  least  fusible  melts  like  buU 
phuret  of  antimony  by  the  heat  of  a  small  spirit  lamp.  In  other 
respects,  they  behave  alike  before  the  blowpipe.  They  give  no 
sublimate  when  heated  in  a  small  matrass,  but  in  an  open  tube 
theyaiFord,  like  seleniuret  of  lead,  both  selenium  and  setenic 
acid.  The  assay  fuses,  and  is  surrounded  by  yellow  oxide  of 
lead.     With  the  fluxes  they  give  very  distinct  traces  of  copper. 

The  least  fusible  was  analysed  by  chlorine,  like  the  other 
Beleniurets.  The  fixed  chlorides  were  dissolved  in  water,  and 
the  oxide  of  lead  was  precipitated  by  sulphuric  acid,  with  the 
precautions  detailed  in  the  analysis  of  the  cobaltiferous  selento- 
ret  of  lead.  The  solution  from  which  the  lead  was  separated 
was  mixed  with  caustic  potash,  aod  boiled  to  throw  down  &n  the 
oxide  of  copper.  The  analysis  of  this  mineral  gave  in  100  pojci 

Selenium ^^-sh'-'Mrjir 

Iron,  with  a  trace  of  lead 0'44 

Lead 59*67 

Iron 0-33 

Copper 7*86 

Undecomposed  miaeml I'OO 

Loss O-H 

lOO-OO* 

59'67  of  lead  combine  with  22*86  of  selenium  to  form  sele- 
niuret of  lead.  If  we  suppose  the  copper  to  be  combined  with 
an  atom  of  selenium,  the  7'86  would  require  4-93  of  seletnam, 
which  leaves  an  excess  of  selenium,  if  we  imagine  the  copper 
to  be  combined  with  two  atoms  of  selenium,  as  in  the  seleliiui^t 
of  copper  which  is  formed  by  passing  seleniuretted  hydWgt* 
into  solutions  of  oxide  of  copper,  the  7'8t>  would  require'  Qro'if 
selenium,  in  which  case  there  is  a  deficiency  of  selenium.  It 
appears  probable,  therefore,  that  the  copper  exists  in  the  mineral 
as  a  seleniuret  and  a  biseleniuret,  and  thiU  the  two  bear  aaimplB 

'  Tile  •dn&Tn  of  the  mmenti  in  nltdc  acid  gave  do  prcdpiiale  with  munate  of 
bal]'ta;  mmeqaently  it  coDluns  ncdthcr  sul|iiiur  nor  ailver, 
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rroportion  to  each  other.     But  as  the  mineral  is  not  ciystallized, 
canuot  venture  to  pronouuce  decidedly  on  its  composition.* 

I  am  coiivioced  that  a  part,  at  least,  of  Uie  copper  in  this 
miiteral  may  contain  two  uloms  of  selenium,  although  no  sele- 
nium sublimes,  when  an  assay  is  heated  in  a  small  matrass,  as 
we  might  expect  it  to  do.  1  fused  seleniuret  of  lead  with  sele- 
niuret  of  copper,  prepared  by  heating  copper  fihngs  with  sele- 
nium,  and  made  the  mass  red-hot,  so  that  it  could  not  contain 
any  excess  of  selenium.  The  alloy  of  these  seleniBreta  fused 
rather  more  readily  than  seleniuret  of  copper  alone.  I  fouad 
that  I  could  add  a  considerable  quantity  of  pure  selenium  to  this 
alloy,  without  its  being  sublimed  by  heat.  The  alloy  merely 
became  more  fui^ible,  and  that  in  proportion  to  the  quantity  of 
biseleniuret  that  it  contained.l- 

4.  Sekiiitiret  of  head  with  Seleniuret  of  Copper,  in  a  different 
Propartion. — The  other  more  fusible  specimen  hkewise  gives  no 
sublimate  when  heated  in  a  small  matrass,  provided  it  be  pure. 
A  large  quantity  of  the  mineral,  of  a  violet  colour,  gave,  however, 
a  black  subhraate  by  heat  which  had  the  appearance  ofselenium, 
but  aSbrded  globules  of  mercury,  when  heated  with  soda  in  a 
matrass,  and  proved  to  be  a  seleuiuret  of  mercuiy.  The  deeper 
tile  violet  colour  of  these  specimens,  the  larger  is  the  quantity 
of  seleniuret  of  mercury  that  they  contain,  but  I  did  not  analyse 
them,  in  consequence  of  the  variable  quantities  of  that  seleniuret. 
For  the  purpose  of  analysis,  I  selected  portions  that  had  not 
violet  colour,  which  gave  per  cent. 


I 


Selenium 34'26 

Copper 15'45 

Lead 47-'& 

Silver 1-99 

Oxides  of  lead  and  iron 2-08 

100-51 J 


I 


I  have  not  deducted  the  oxygen  of  the  2'08,  the  weight  of 
the  oxides  of  iron  and  lead,  which  is  the  cause  of  the  shght 
excesu  that  I  obtained. 

47"-i3  of  lead  combine  with  18- 13  of  selenium  to  form  seleniu- 
ret of  lead,  and  16'4u  of  copper  with  9'69  of  selenium  to  form 
seleniuret  of  copper,  and  with  19*38  to  form  the  biseleniuret. 
What  I  have  already  said  of  the  probable  composition  of  the 

*  A  Becgndanalysis  gave  jD«  3T'I3  lead,  and  9'56  ci>[^i«il  thelattcrihanerei,  con. 
Udned  tome  iron  which  vat  not  separated  frovn  it. 

-f-  Some  Bulphorets  exhibil  Mmilsr  phenomena.  A  compound  of  one  ntoni  of  cobal 
with  four  Btoms  of  copper  would  lose  sulphur  by  btdn^  healed  in  a  mBtiats.  It,  how. 
ever,  loses  nothing,  itit  coiilaji  areenmret  of  cobalt,  asm  the  gr^  cobalt. 

J   On  repeating  IheanalysiB  I  obtiined  USS  per  cent,  of  copper,  50-ST  lead,  and 
l-GS  nlTCT.     The  diffbence  between  these  two  analy«B  is  greater  than  should  eiist 
between  two  analfiM  of  a  cijaUllizcd  mineral. 
New  Series,  vot.  x.  v 
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other  mineral  may  be  applied  to  this.    It  appears  also  that  the 
same  proportion  obtains  between  the  two  seleniurets  of  copper. 

The  proportions  of  the  elements  of  these  two  minerals  are  not 
perhaps  definite.  We  may  call  the  least  fusible  one,  which  also 
contains  the  smallest  quantity  of  copper^  cupriftroasBeUniurttfif 
had;  and  the  other,  which  has  a  larger  quantity  of  copper,  and 
is  more  fusible,  seleniuret  of  lead  and  copper^ 

5,  Seleniuret  of  Lead  with  Selemurei  of  Mercery.— The 
analyses  of  this  compound  were  more  troublesome  than  those  of 
the  other  seleniurets,  because  the  seleniuret  of  mercury  is  ndt 
combined  with  the  seleniuret  of  lead  in  any  definite  proportion. 
Different  portions  of  the  same  specimen  are  so  unequally  com- 
posed that  two  pieces  of  the  same  mass  gave  very  different 
results.  A  seleniuret  of  lead  which  contains  no  seleniuret  of 
mercury,  cannot  be  distinguished  by  its  external  appearance 
from  those  seleniurets  which  contain  either  much  or  little  of  it. 
They  have  the  same  colour,  are  only  found  massive,  and  disse<- 
minated  in  bitter  spar.  Some  specimens  have  a  small  grained, 
saccharoidal  fracture;  others  are  coarse  grained,  and  afford 
parts  which  have  a  pretty  distinct  triple  cleavage,  according  to^ 
the  planes  of  the  cube.  1  observed  in  several  specimeiis  of  this* 
mineral  that  the  seleniuret  of  lead  most  remote  from  the  bitter 
spar,  contained  the  greatest  quantity  of  seletiiutet  of  tnetcury^ 
and  that  that  in  immediate  contact  with  it  was  quite  free  from. 
it.  Whfen  the  mineral  has  a  distinct  cleavage,  only  the  latter 
presents  lamellar  parts :  the  first  (that  in  contact  with  the  bitter 
spar)  is  always  fine  grained  saccharoidal.  It  is  easy  to  ascer- 
tain whether  the  seleniuret  of  lead  contains  much  seleniuret  of 
mercury,  or  not;  for  the  pure  seleniuret  of  lead  does  not  fuse, 
and  gives  no  sublimate  when  heated  in  a  small  matrass  ;  but  if 
it  contain  seleniuret  of  mercury,  the  latter  rises,  and  forms  a 
very  crystalline  sublimate,  the  quantity  of  which  is  proportionate 
to  that  of  the  seleniuret  of  mercury  in  the  mineral.  If  it  be 
large,  the  assay  boils  up  strongly  at  first,  whilst  the  seleniuret  of 
mercuiT  sublimes,  aria  only  infusible  seleniuret  of  lead  is  left. 
A  smdl  portion  of  Seleniate  of  mercury  is  usually  formed  by  the 
action  of  the  air  in  the  matrass,  which  is  rather  more  volatile 
than  the  seleniuret.  The  latter  may  be  wholly  converted  into 
seleniate  by  heating  the  assay  in  ah  ojjen  tube.  The  fused  sele^ 
niate  of  mercury  forms  yellowish  drops  which  have  some  resem«: 
blance  to  the  oxide  of  tellurium,  whose  presence  I  Suspected  ih 
these  minerals  before  I  had  satisfied  myself  that  they  contain 
mercury.  The  presence  of  mercury  is  detected  by  heating  the. 
mineral  in  a  small  matrass  with  a  little  dry  carbonate  of  soda, 
when  the  mercury  subUmes*  It  is  also  sometimes  obtained,  atf 
well  as  the  seleniuret  of  mercury,  by  heating  the  mineral  with- 
out th^  soda,  but  in  the  latter  case,  its  produetion  is  owing  to 
the  bitter  spar  which  decomposes  the  assay. 


I  chose^  for  a  quantitative  analysis,  small  cubit'  morsels, 
whose  spfeciflti  gravity  Tvas,  by  one  experiment,  7*876 ;  by 
another  7*804.  I  analysed  them,  like  the  rest,  by  dblorine,  but 
I  was  obliged  to  vary  the  process,  in  consequence  of  the  chloride 
of  mercury  subliming  with  the  chloride  of  selenium.  Corrosive 
sublimate  was  always  formed  in  these  analyses,  but  never  any 
calomel,  and  consequently  the  product  was  always  wholly  dis- 
solved by  the  water  in  the  receiver.  Corrosive  subhmate  has 
some  resemblance  to  perchloride  of  selenium,  but  is  less  volatile, 
and  forms  long  brilliant  needles,  which  are  never  found  in  chlo- 
nde  of  selenium. 

I  made  several  unsuccessful  attempts  to  separate  the  oxide  of 
mercury  from  the  selenic  acid  contamed  in  the  liquid  in  which 
those  two  substances  were  dissolved.  M.  Berzelius  has  already 
observed  that  the  caustic  alkalies  or  their  carbonates  only 
imperfectly  separate  selenic  acid  from  oxide  of  mercury,  and  ia 
fact  cannot  be  wholly  precipitated  from  its  solution  in  other  acids 
by  the  alkalies.  I  endeavoured  to  obtain  the  mefcury  of  the 
mineral  by  mixing  the  latter  in  powder  with  dry  carbonate  of 
soda,  dr  carbonate  of  lime,  and  heating  the  mixture  ;  but  it  wai 
not  easy  to  obtain  the  whole  of  the  mercury  by  this  method. 

-HydrdSttlphuret  of  ammonia,  hbwever,  throws  down  the 
wboi«  of  the  mercury  from  its  alkaline  solutions,  andj  according 
to  my  experithents,  even  a  great  excess  of  the  hydrpsulphuret 
does  libt  redissolve  the  sulphiiret  of  mercury,  at  least  in  the  cold. 
I  did  not  expect  this  result,  because  the  preparation  of  cinnabar, 
in  the  moist  way,  depends  on  the  solubility  of  sulphuret  of 
mercury  in  hot  hydrosulphutet  of  potash.  1'566  gramme 
(24  grains)  of  the  mineral  ^ave  1*168  gramme  (17-6  grains)  of 
chloride  of  lead  which  contain  0*87  gramme  (13*8  grains)  of  lead. 
The  whole  of  the  chloride  dissolved  perfectly  in  the  water. 

The  liquid  in  which  the  volatile  chlorides  were  dissolved  was 
mixed  with  cauiStic  ammonia,  and  then  hydrosulphuret  of  ammo- 
nia added  in  excess^  Sulphuret  bf  mercury  fell  down  which, 
wheh  collected  dn  a  Weighed  filter,  and  carefiilly  dried,  weighed 
0*306  gramme  (4*8  grains).  1  did  not  analyze  this  sulphuret, 
but  aa  the  hydrosulphuret  of  ammonia  employed  had  been 
recttitly  prepared  it  could  not  contain  any  free  sulphur.  It 
contkined,  therefore,  0-264  gramme  (4  grains)  of  mercury.  The 
liquid  from  which  the  mercury  had  been  separated  was  acidulated  ' 
by  muriatic  acid,  and  heated  to  expel  the  sulphuretted  hydrogen. 
The  sulphuret  of  selenium  w^  oxidated  by  aqua  regia,  and  the 
solution  added  to  the  liquor  Trom  which  the  sulphuret  of  sele- 
nium (mercury?)  had  been  precipitated.  The  selenium  was 
reduced  by  sulphite  of  ammonia  after  the  nitric  acid  of  the  aqua 
regia  had  been  decomposed  as  far  as  possible  by  muriatic  acid. 
The  quantity  of  selenium  obtained  was  0*389  gramme  (6  grains.) 
The  result  of  the  analysis,  therefore,  per  cent,  is, 
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# 

Selenium 24-97 

Lead o  •  •  •  •  p  •  •-•> 66*84 

Mercury 1 6*94 

Loss  .....••..* ...••..  •jV-.v  .>    2^26 

Theloss  is  too  great  to  allow  us  acdorately  to  detcff^igaine  w 
QompositioQ  of  the  mineral,  but  I  have  reason  to  believe  ui&t  it 
consisted' principally  of  selenium.    65*84  of  lead  combine  with 
^l'39,af  selenium,  and  16*94  of  mercury  with  6*63  of  si^lenium* 
.ly^e  niay,  perhaps,  imagine  it  to  consist  of  an  atom  of  s^ti^uret 
9f  mercury  and  threeatoms  ofseleniuret  of  lead. 
c  I  am  satisfied,  however,  that  the  seleniuret  of  lead  in^^this* 
-l^aineral  is  not  combined  with  the  seleniuret  of  mercury  in  any 
deiSnite  proportion,  but  that  the  two  seleniurets  are  capable  of  ^ 
uniting  (like  isomorphous  substances)  in  all  proportions  without 
Meeting  the  form  of  the  compound ;  for  I  treated  0*9  gramme 
<13*9  grains)  of  the  same  specimen  from  which  I  splect^Bi  the< 
portion  for  the  first  analysis  with  chlorine,  carefully  seleiptingr 
the  cubic  pieces  which  had  precisely  the  same  external  .a|i^ear« 
anceas  those  which  I.  had  analysed  in  the  first  instance,^  and  L 
obtained  only  0*33  gramme  (5  grains)  of. chloride  of  lead,  equi- 
valent to  0*246  gramme  (3*8  grains)  of  lead.     If  we  calculate  the 
composition  of  the  mineral  according  to  this  result,  we  obtain 
the  following  as  the  proportions  of  its  elements,  wholly  different 
from  the  other. 

Selenium 27*98 

Lead  . . . , , 27*33 

Mercury 44*69 

100:00 

In  addition  to  the  preceding  minerals,  M.  Zinken  has  also 
sent  me  another  containing  selenium,  lead,  copper,  and  a  good 
deal  of  silver.  I  have  not,  however,  submitted  it  to  a  quantita- 
tive analysis,  because  the  specimen  was  mixed  not  only  with 
magnesian  spar,  but  also  with  copper  pyrites,  from  which  I 
could  not  separate  it.  The  copper  pyrites  moreover  covered  the 
whole  mass  in  the  form  of  mammelliB,  and  contained,  itself,  a 
large  portion  of  selenium. 
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Remarks  imon  Dr.  Christison's  Memoir,  "  On  the  Detection  of 
minute  Quantities  of  Arsenic  in  mixed  Fluids  J'  By  R.  Phillips, 
FRS.  L.  and  E.  &c. 

In  the  seventh  volume  of  the  Annals,  New  Series,  I  published 
a  paper  on  the  subject  of  arsenic,  one  object  of  v^hich  was  to 
render  the  methods  usually  resorted  to  more  easy  of  application, 
and  another  that  of  pointing  out  a  method  of  destroying  the 
colour  of  fluids  suspected  to  contain  it,  by  means  of  animal  char- 
coaL 

The  Edinburgh  Medical  and  Surgical  Journal  (July,  1824), 

contains  a  communication  on  the  detection  of  minute  quantities 

of  arsenic,  by  Dr.  Christison,  Professorof  Medical  Jurisprudence. 

tbe  author  of  this  paper,  after  mentioning  Orfila's  method  of 

^orisJig  suQpected  fluids  by  the  action  of  chlorine,  observes. 


^*  Mr*  Phillips^  on  the  ottior  b^T)d»  poppf^es  ^p  bpi)  th^^fg^ted 
^uid  with  anjroe^l  charco^i^  fil)^  fiay^i  h^  lias  fq^p^thai  g9r^is)f^Q^ 
gr^vy  soup^  infusion  of  W^WS,  P?  V^^  Hqwv  a^^s^^aHs^  ijf^  ifi 
rei;idered  in  that  way  sufficiently  cplou^ief^^  fpi;  tl^^  ^pplips^l^pn  of 
$^e  most  delicate  tests.-^    ^he  a^ibpii^  th^n  coniiimiH^),  ^^^  ttie^e 

Erpce^ses  do  not  seem  ^p  l)^ve  \\^^n  yet  ^v^lneot<^4  to  e^^pariment 
y  other  chemists.  I  can  cpncpiye  no  o^npir  Kea^on,  at  iea^t, 
ipby  the  former  in  particvil^r  has  been  sq  long  under  the  public 
^ye  without  notice  or  criticisn^ ;  fpf  nq  pi^e  ca^  haye  mf^e  fair 
trial  of  them,  without  being  convinced  that  their  application  U 
confined  by  such  narrow  limits^iandthat^  within  those  Uraits^they 
are  hable  to  so  many  fallacies,  as  must  render  them  almost 
•ntirely  useless  in  medico-legal  researches."  With  Dr.  Christi- 
son's  criticism  upon  Orfila's  process  I  shall  not  interfere ;  but  I 
will  freely  inquire,  whether  his  remarks  upon  the  method 
^bich  I  propose  are  entitled  to  the  fairness  tQ  which  their 
author  lays  claim  ;  and  it  may  be  useful  in  this  investigation  to 
^jf  amine  how  far  Dr.  Chri^^son  ^i^  porrect  upp^  points  on  which 
te  can  have  but  little  apology  for  error :  this  may  serve  as  q. 
guide  to  determine  the  value  pfh^ses^periinepts,  and  of  the  infer- 
ences deduced  ffom  th^p^* 

'  After  stating  that  the  tpst  snl^st^nc^  for  reducing  arsenic*  on 
ilie  small  scale  is  the  black  flux,  b^  adds  in  a  pot^^  "  almost  all 
authors  on  chemistry  and  medical  jurisprudence  recon^mend,  as 
an  alternative,  a  mixture  of  charpoal  powder  and  potass^"  On 
this  subject,  I  have  referred  to  the  following  well  known  authori* 
ties,  viz.  Black,  Henry,  Murray,  Paris  and  Fonblanque,  Brande, 
and  Ure ;  and  they  mention  no  other  substance  than  qj^tck  flux  for 
the  purpose  of  reduction.  Puncan  and  Aikpns  advise  the  use  of 
charcoal,  or  carbonaceous  matter ;  Beck  recommends  black  flux 
naade  of  carbonate  of  potash  and  charcoal,  and  the  same  mixture 
is  advised  by  Mr.  A.  T.  Thomson  ;  while  Smith  and  Orfila,  as 
far  as  I  have  examined,  are  the  only  persons  who  employ  a  mix- 
ture of  charcoal  and  potash. 

In  the  note  from  which  this  passage  is  quoted,  there  is  another 
assertion  which  appears  to  me  to  be  very  incorrect ;  it  is  that 
*'  the  charcoal  of  the  black  flux  is  not  necessary  in  the  process ; 
and  subcarbonate  of  potass  might  therefore  answer  as  well,  but 
it  is  seldom  so  dry."  Now  if  this  were  fact,  it  would  be  an 
important  addition  to  our  knowledge,  for  it  would  save  the  intro- 
duction of  charcoal  into  the  tube,  and  prevent  it  from  being 
mistaken  for  sublimed  arsenic.  1  did  indeed  find  that  when 
arsenious  acid  was  heated  with  carbonate  of  potash,  some 
metallic  arsenic  sublimed ;  and  this  arose  from  the  conversion  of 
part  of  the  arsenious  acid  into  arsenic  acid,  one  portion  of  the 
arsenic  taking  oxygen  from  the  other.    That  this  is  the  true 

*  I  take  this  opportunity  of  stating  that  I  find  my  method  of  using  an  uncoated  tub* 
and  a  spirit  lamp  in  the  proceas  of  reduction  is  not  original  ^;  for  I  have  since  observed 
that  Mr*  fin^de  x^ow^eiidv  $h9  Mone  plau  in  bis  Um^% 
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explabfition  of  wh^t  happened  is  rendered  probable  by  an  expc^ 
liment  of  Dr.  Wollaston  8,  as  related  by  Dr.  Thomson,  in  which 
he  fotmd  thatareenious  acid  when  heated  with  lime  was  converted 
inio  arsetiic  and  arseniate  of  lime.  This  method,  therefore,  t^qt-^ 
not  be  adopted  with  propriety,  for  as  extremely  minute  portion* 
t)f  arseniousacid  are  usually  operated  upon,  a  very  considerable 
proporfion  of  it  must  remam  in  combination  with  the  potash  in 
the  st^t^  of  arsenic  acid,  and  which  would  render  tlie  ezperir 
inent  of  sublimation  more  decisive  by  increasing  the  quantity  of 
miblimed  metal,  if  charcoal  were  present  to  decompose  the 
arsenic  acid^  or  to  prevent  its  formation ;  added  to  this>  unless  the 
lieat  be  greater  than  required  when  charcoal  is  used,  there  also 
remains  a  large  quantity  of  arsenious  acid  in  combination  with 
{he  potash  ;  but  after  the  long  application  of  a  strong  red  hefbt, 
and  when  the  quantity  of  carbonate  of  potash  used  was  five  times 
'  greater  than  that  of  the  white  arsenic,  arseniate  of  potash  only 
appeared  to  remain  in  the  crucible. 

Having  now  shown  that  Dr.  Christison's  opinions  on  the  methods 
of  reducing  arsenious  acid  are  inaccurate,  and  that  his  state* 
ments  of  me  advice  of  authors  on  that  subject  are  incorrect,  I 
shall  proceed  to  notice  his  animadversions  upon  my  proposal  fof 
iising  animal  charcoal.  The  author  twice  asserts  tnat  I  propo^ 
to  boil  the  suspected  fluid  with  animal  charcoal.  If  Dr.  Chris- 
tison  had  not  actually  quoted  the  passage  in  which  I  describe 
the  process  in  question,  I  should  conclude  that  he  had  never  read 
it,  bixt  had  acquired  an  imperfect  knowledge  of  it  from  hearsay. 
He  does,  however,  quote  it,  and  no  mention  whatever  is  made 
of  boiling  the  suspected  fluid ;  my  words  are,  "  I  mixed  some 
of  it  with  animal  charcoal."  The  fact  is,  that  I  merely  agitate 
the  mixture,  as  I  presently  again  more  particularly  mention,  and 
without  heHting  it  at  all.  Having  shown  what  Dr.  Chrislison 
6as  added  to  the  process,  I  shall  now  notice  what  he  has 
omitted.  It  is  well  known  that  animal  charcoal  contains 
muriatic  salts ;  in  order  to  aj)ply  the  silver  test,  I  direct  that 
it  should  be  washed.  This  necessary  part  of  the  operation  must 
have  been  totally  neglected  by  Dr.  Christison:  alluding  to  a 
solution  which  he  had  decolorized,  I  presume  by  boiling  with 
animal  charcoal,  he  says,  '^  Lime  water  has  no  effect,  the  cpp- 
per  test  produces  an  exceedingly  scanty  azure  blue,  and  the 
silver  test  an  abundant  cream  white  precipitate."  Now  this 
abundant  precipitate  was  evidently  chloride  of  silver  formed 
from  the  i^ait  contained  in  the  animal  charcoal. 

Thus  then  has  Dr.  Christison  committed  two  errors,  either  of 
which  would  have  been  fatal  to  the  experiment,  and  then  assures 
his  readers  that  '^  it  was  hardly  necessary  to  search  for  the  cause 
of  the  failure  of  Mr.  Phillips's  process ;  "  and  this  is  what  the 
author  considers  '^  a  fair  trial."  It  is,  perhaps,  proper  to  inform 
Dr..  ChiiBtison  that  I  was  acquainted  with  Mr.  Thomson -s  expe- 
'vfmt§  QU  the  eeparatioa  of  ataeniQua  acid  from  solution  by 


]xs(&%&ia  of  chaicoaV  a^d  I  bave  gM^^e4  J^iai^  ^  if  p.  j|^^ 


...j 

die  ifkctin  my  paper^  without  indeed  oaniiiig  them^Jkc^;^ 
which  may  I  thiBk  be  understood.  ,    >  \.^ [[^.y^,  .4. 

'  I  shall  now  state  a  £ew  experiments  which  are^  I  ibi)td^,4Qivau^ 
sive  as  ta  the  power.of  animal  charcoal.  I  dissolve^  P^VdS'^H^ 
6f  ai'senious  acid  ia  500  grains  of  port  wine;  t(^  the  ac^|^o4 
whenxold^  I  added  100  grains,  of  washed  animal  ch^xcp'^l^.^'^ 
agitated  the  mixture  for  about  two  minutes,  and  thefiifilte^^q  i'fj^ 
The  solution  was  nearly  colourless  ;  I  diluted  a  portipu  b{,^  wli(||i 
water/and  on  the  addition  of  a.  solution  of  sulphuretted  tiy4{gg^|if 
the  characteristic  yellow  colour  appeared,  alUiOugh^tb^f^fj^^^om 
acid  formed  t)nlv-5.5i5^. of  the  solution.  The,  copper, jb^s^^^^go 
readily  indicated  its  presence  when  of  the  same  strem^tjc\^^^ 
the  silver  test  readily  detected  the  arsenic  when  so  I's^.cpl.ijilj^d^^^^ 
to  form  only  yf^i^^  of  the  solution.  :     ,.  '.'^\i  ,jL,|i  ^ 

I  have  already  admitted:  that  there  are  cases  in  whii^.ip^^ip^ 
charcoal  is  powerless^  but  unless  we.  are  to  attemipt.^g^hfpg 
because  all  cannot  be  performed,  I  retain  my  opinion  that ^tf^av 
be  uiseful,  and  as  it  decolorizes  so  deep  a  coloured  fluid  aispjon; 
wine  with  facility,  little  doubt  can,  I  think,;  be  entertaijnedyofifa 
efficacy  upon  the  less  usually  intense  colour  of  the  fluid,  contents 
of  the  stomach. 

Theie  are  some  other  parts  of.  Dr.  Christisoa's  papj^r, which 
would  require  notice  if  I  were  entering  upon  a  general  discussion 
as  to  the  best  tests  to  be  employed ;  and  I  can  by  no  means 
agree  with  him  that  the  copper  and  silver  tests  "  are  the  two 
most  inaccurate  and  most  fallacious  of  the  common  reagents  ;  " 
on  the  contrary,  I  think,  they  may  be  used  in  many  cases  with 
great  advantage,  especially  with  the  precautions  and  modifica- 
tions which  have  been  recommended  by  various  chemists. 

In  concluding  these  observations,  I  readily  acquit  Dr.  Chris- 
tison  of  intentional  misrepresentation,  but  I  trust  he  will  repeat 
the  experiments,  and  candidly  state  the  results,  so  as  to  com- 
pensate for  the  carelessness  of  which  I  have  just  cause  to, 
complain. 

Article  XII. 

Suggestions  for  an  improved  Construction  in  the  Air-pump, 
By  Ji^Ir.  Joseph  Herries,  Joiner.    (With  a  Plate.) 

(To  theEditors  of  the  J.;/;/<7/sci»/'PAz7o5op%.) 

GENTLEMEN,  Edinburgh,  July  1 6, 1 825. 

My  attention  having  been  called  to  the  construction  of  the 
Air-pump,  during  the  valuable  lectures  delivered  in  the  school^ 
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6t  arts  in  this  ttity,  of  tvliich  I  am  a  student,  some  alteratioa 
have  occurred  to  me  as  likely  to  render  the  instrument  more 
perfect,  and  as  these  have  been  approved  of  by  some  persons 
of  Science  to  whom  I  communicated  them,  and  who  hate 
informed  me  that  they  believe  them  to  be  new,  I  take  the  liberty 
of  sending  the  annexed  description  and  drawing  for  the  purpose 
of  laying  them  before  the  public,  through  the  medium  of  the 
Annals.  I  am,  Sir,  your  obedient  servant, 

Joseph  Uerries. 

Description  of  Plate  XXXVII,  5cefig.  1. 

A  A  is  the  barrel  of  the  pump ;  B  B  two  thick  metallic  plates 
screwed  to  the  flanges  C  C  C  C  ;  D  is  a  pipe  leading  from  the 
receiver,  and  communicating  with  each  end  of  tne  barrel, 
through  a  small  hole  bored  in  the  plates  B  B ;  £  is  a  solid  piston 
working  through  the  stuffing  box  F ;  G  is  a  rod  working  air- 
tight through  the  piston  in  a  collar  of  leathers.  On  each  end 
of  this  rod.  there  is  a  conical  valve  H  and  H',  ground  into  the 
openings  of  the  pipe  t),  having  a  small  degree  of  play,  So  that 
bolh  valves  cannot  be  shut  at  once.  These  valves  are  guided 
by  a  continuation  of  the  rod  working  in  the  openings  of  the 
plates  B  B,  in  the  side  of  which  there  is  a  small  groove  for  thft 
admission  of  air,  showii  by  the  dotted  lines.  I  and  V  are  coni- 
cal valves  opening  outwards,  and  working  in  a  socket  in  the 
f  crew  nuts  K  K,  V  being  supported  by  a  spiral  spring ;  from 
these  valves  there  are  openings  which  communicate  with  the 
pipe  L. 

Suppose  now  that  the  piston  is  at  the  bottom  of  the  barrel, 
and  the  three  valves  I V  and  H'  shut.  If  the  piston  is  drawn 
upwards,  the  friction  of  the  leathers  on  the  rod  G  will  carry  it 
along  with  it,  and  shut  the  valve  H ;  W  will  then  be  opened^ 
and  allow  the  air  from  the  receiver  to  rush  down  the  pipe  t), 
and  fill  up  the  vacuum  formed  below  the  piston,  while  the  air 
above  the  piston  will  be  foi'ced  out  at  the  valve  I,  which  will 
shut  with  its  own  weit^ht.  On  moving  the  piston  downward 
the  valve  H'  will  instantly  shut,  and  H  be  opened ;  the  air  from 
the  receiver  will  rush  in  above  the  piston,  and  the  included  dir 
below  it  will  be  forced  out  at  the  valve  1',  and  escape  through 
the  tube  L,  (where  it  may  be  advantageously  employed  for 
condensation,)  the  spring  will  then  shut  the  valve.  Thus  by 
working  the  pump  a  continued  stream  of  air  will  be  thrown  out 
from  the  receiver,  until  the  exhaustion  is  completed. 

It  is  obvious,  however,  that  as  the  whole  pressure  of  the 
atmosphere  is  sustained  by  the  valves  I  and  F,  the  air  con- 
tained in  the  barrel  will  not  effect  its  escape  until,  by  compres- 
aicQ  with  the  piston,  its  density  is  superior  to  the  external  air, 
and  should  a  small  stratum  of  this  air  remain  in  the  barrel 
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unexcluded^  its  immediate  access  to  the  receiver  must  retard 
the  exhaustion^  aD4  ultimately  set  i,  limit  to  the  power  of  the 
pump. 

To  rettlcidy  this  incoiiveiiience,  and  tetidisr  ihie  ffiacKine  still 
more  perfect,  I  have  added  another  bal-rel,  figure  2,  (having 
the  same  letters  of  reference  in  the  description)  which  is  joined 
together  by  a  connecting  tube  M.  On  these  pipes  there  are 
three  stop-cocks  placed  as  shown  in  the  drawmg.  t'he  pipes 
D  D  are  connected  together  and  enter  the  receiver  as  one.  L 
and  L  are  also  connected  for  condensation; 

When  this  double  pump  is  worked  the  stop-cocks  N  and  O 
are  opened,  and  P  is  shut.  The  pumps  may  be  wroilght  in  in 
the  usual  Wajr  by  a  rack  and  pinion,  the  one  pistdn  bein;g  made 
to  ascend  while  the  other  is  descending.  In  this  condition  the 
pumps  will  exhaust  each  individually  writh  a  double  stroke,  s6 
that  two  continued  united  streams  of  air  wiH  be  thrown  out. 

When  the  exhaustion  has  proceeded  in  this  way  as  fiir  as 
may  be  judged  necessary,  say  until  -^^^ths  of  the  included  air  iii 
thrown  out,  and  a  still  more  perfect  vacuuiii  be  retjuired,  opfen 
the  stop-cock  P  and  shut  tne  cocks  N  add  O,  atid  cotitiniifi 
working  the  pumps. 

The  communication  between  the  eitemal  air  and  flghtfe  1, 
being  cUt  off  by  the  cock  O,  and  betWeeh  thti  l^dfeivet  atlQ 
fig.  §,  by  the  cock  N;  and  a  coinmtlniciation  bi^ihg  operifed 
between  these  pipes,  it  will  be  easily  seen  by  a  sliffht  ejt^atni* 
nation  of  the  plates,  that  the  effect  df  fig.  2  must  be  to  eihlnst 
the  air  out  of  that  jpart  of  the  pipes  D  aflfl  L,  sittiated  below 
the  stop-cocks  N  and  O.  Conseqtiehtly  the  tiresslire  6f  thh 
extemaTair  will  be  entirely  remdvetl  from  the  valves  I  and  t\ 
And  allovir  the  air  in  the  barrel  of  flg.  1  to  escape  frjeely ;  for  aS 
thfe  otic  pistbii  is  ascending  and  forcirig  out  air,  the  bthef  ik 
descending  ahd  fotming  a  vacuum  ready  to  tfebelve  it. 

By  this  contrivance  the  receiver  may  be  almost  cotnpl^t^ly 
emptied  bf  its  contents.  It  is  not,  hoWfetei*,  supp6sed  that  ftfr 
common  purposes,  in  an  accurately  constrUfcted  ptimpj  ihiS 
connected  barrfel  will  be  riecfessarjr,  and  otl  thi^  suppositioa 
(where  a  condensing  apparatus  is  not  required),  I  wobfd  recom- 
mend that  th^  piston  rod  be  formed  bf  fem  opeih  tube  (see  flg.  2). 
having  a  cbnical  valve  at  the  bottohi,  so  thslt  whfefi  the  pistbn  is 
forced  downwards,  the  included  air  will  escape  through  tft6 
valve,  which,  if  wrought  with  oil,  will  sufficiently  pt^veht  its 
escape ;  and,  of  cotirse,  the  pipe  L.  v^ith  the  valve  V  ^ill  nbt%e 
requited. 
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Article  XIII.  ■'■.-.-■'■'■ 

Om  ike  Analysis  of  Atmospheric  Air  by  Hydrogen. 
By  JohQ  Dalton,  Esq.  FRS.  &c. 

(To  Richard  PhiUips,  Esq.) 

RESPECTED  FRIEND,  Manehetter.  Sept.  \%  ISCS^. 

AccoRBiMG  to  my  proaiise  I  transmit  the  results  of  some 
late  experiments  on  the  analysis  of  atmospheric  air  by  hjfdrogen. 
M;|r  chief  object  was  to  find  under  wnat  circumstances  the 
i&mon  of  the  oxygen  and  hydrogen,  by  the  electric  spark,  is 
eompletej^  that  is,  so  that  one  or  ooth  of  the  gases  are  entirely 
consumed ;  and  in  what  cases  either  no  union  takes  place  or  a 
partial  one,  leaving  portions  of  both  gases  still  in  mixture  in  the 
lesidue. 

From  a  memoir  of  M.  M.  Humboldt  and  Gray-Lussac  (Ann. 
de  Chimie,  53,  1805^)  we  learn  that  one  volume  of  hydrogen, 
mixed  with  two  or  nine  volumes  of  oxygen,  gives  the  same  lexis 
by  electricity,  namely,  1  '46 ;  but  if  mixed  with  9*5  oxygen,  the 
loss  is  only  '68 ;  and  this  loss  diminishes  rapidly  till  the  oxygen 
becomes  16,  when  there  is  no  loss  at  all.  They  found  that  if  the 
surplus  gas  was  azote  or  carbonic  acid,  the  loss  was  liot  mifxk 
difierent ;  but  they  do  not  seem  to  have  ascertained  tjUs  with 
precision. 

It  is  right  to  observe  that  the  hydrogen  I  used  was  obtained 
in  the  usual  way  from  zinc  and  dilute  sulphuric  acid^  and  was 
received  in  bottles  filled  with  as  pure  rain  water  as  I  could 
procure ;  the  bottles  were  filled  with  the  gas,  and  not  more  than 
one-third  of  the  gas  of  each  bottle  was  used;  the  hvdrogen 
was  free  from  atmospheric  air,  except  what  was  expelled  from 
the  water  by  the  hydrogen  bubbling  mto  the  bottle  :  this  qiiao- 
lity  of  atmospheric  air,  however,  must  be  something ;  yet,  on 
finng  10  measures  of  hydrogen  with  oxygen,  the  diminution  is 
usually  14'6  to  15. 

The  mixtures  of  gases  fired  at  once  were  commonly  about 
150  measures,  each  measure  being  the  volume  of  one  grain  of 
water.  The  eudiometer  has  six  inches  in  length,  correspotideBt 
to  150  measures ;  and  all  the  experiments  were  niade  oye^ 
water.  .'  /. ' 

The  atmospheric  air  I  mostly  used  was  procured, in  die 
country,  and  was  found  by  frequent  trials  to  contain  almosit 
exactly  21  percent,  of  oxygen.  This  is  not  the  ciise  ikt  all 
times.  I  once  found  the  oxygen  as  hi^h  as  21*15  per  c^t. 
from  an  average  of  many  experiments;  it  was  oh  the  8th  of 
January  last,  when  the  barometer  was  30*9,  wind  N.E.  knd  very 
moderate,  after  three  days  of  calm  and  gentle  finest.  But  the 
general  state  of  Uie  atmosphere  yields  only*  20*7  or  20'8  per 
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cent,  of  oxygen.     AH  the  results  below  must  be  considered  i 
averages  of  Four  or  five  experiments. 


Tabaiar  Arrangement  of  the  Experiments. 
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!•  B.  7ho)e  eipcrimenU  marked  h  denote  that  hydrogen  lemsined  in  the  residua 
~  datonttian;  those  msiked  o  denote  ocygen;  and  diBt  niBrkrd  n  denotes  (but 
s- of  the  two  WM  tbund. 

:  Qn  this  table  it  may  be  remarked  ;  1 .  Tlie  rapid  transition 
from  no  detonation  to  a  perfect  one,  when  the  oxygen  is  near 
a  minimum ;  2.  The  slow  transitioa  at  the  bottom  of  the  table 
when  the  hydrogen  is  near  the  minimum;  and  3.  That  there  is 
no  imperfect  combuation  about  the  middle  of  the  table  ;  either 
the  oxygen  or  the  hydrogen,  or  both,  are  always,  entirely  gone. 
But  there  is  one  anomaly  that  calls  for  explanation, — the  neu- 
tralizing proportions  of  oxygen  and  hydrogen  appear  to  be 
1  to.  21,  when  it  is  well  known  that  they  are  neatly,  if  not 
exactly,  as  1  to  2.  This  is  occasioned,  no  doubt,  by  the  impu- 
rity produced  in  the  hydro<fen ;  first,  in  the'reception  of  it  in 
bottl«g  with  water  charged  with  atmospheric  air ;  and,  secondly, 
in  the  eubsequent  |)assing  of  it  two  or  three  times  through 
water  in  the  process  for  detonation .  That  this  is  the  true  reason, 
is  r:onfirmed  by  the  loss  being  only  3,  and  not  3-1  in  that  case  ^ 
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atid  "by-  the  ftubseqfl^nt  proof  that  mote  azote  isxkfs  Iti  the* 
residue  than  ought  to  do^  on  the  su{>po«ition  thd  hygrogen  ffM 
quite  pure. 

Such  persons  as  dre  not  familiar  with  this  kind  of  experi- 
ment, and  wish  to  repeat  any  of  them,  will  do  well  to  reiQeoi- 
ber  that  whenever  oxygen  and  hydrogen  are  mixed  in  nearly  ike 
saturating  proportio^Sy  the  mixture  should  stand  some  iimt 
(five  minutes,)  in  order  to  allow  of  the  perfect  dififuBioii  of  the 
gjises,  before  the  spark  is  given. 

i  remain^  yours. truly,  JoHfr  Dax>tok. 


Article  XIV. 
Analyses  of  Books. 


Journal  of  the  Academy  of  Natural  Sciences  of  Philadelphia^ 

Vol.  iv.  Part  2, 

This  .volume  contains  22  papers  on  various  subjects  of 
Natural  History,  and  is  illustrated  with  eight  plate9>  two  of 
which  (tab.  20  and  21)  engraved  by  Mr.  A.  Lawson,  of  Phila- 
delphia,, from  drawings  by  Lesereur  and  Mir.  A.  Rider,  ire  the 
most  beautifully  executed  plates  of  natufal  history  subject  which 
we.  have  seeh  from  any  American  art,  not  even  excepting  thife  cele- 
brated plates  of  the  Wappity  ;and  Marmot,  bv  the  same  artist. 
These  plates  are  lent  to  the  society  by  Mr.  Ord. 
.  There  are  three  papers  relative  to  Mammalia. 
:  1.  An  Account  of  a  New  Species  of  the  Genus  Arvicola*  By 
George  Ord,  p.  306. 

Arvicola  raparius.  Snout  thick,  blunt;  eyes  .smftllj  ejtfs 
middle-sized  ;  tail  less  than  half  the  length  of  the  body.  This 
gpecies  is  fond  of  the  se6ds  of  wild  ricfe  and  Oati,  zizania 
aguatica. 

.  2.  A  new  Genus  of  Mammalia  proposed,  and  a  Description  of 
the  Species  upon  which  it  is  founded.  By  T.  Say  UtiA  Q.Oii^, 
p.  345. 

•    Genuft  Nbctoma;  character,  teeth  g^,  cutting  ^  griQ4€rsr~«i 

with  deep  radicles;  tail  hairy;  toes  4-5. 

This  getius  in  Med  to  Arvifeola,  And,  indeed,  Dr.  Hathiri  hai 
flaced  tne  species  in  that  genus. 

N.foridatia.  Snout  elongated;  eyes  and  ears  Vfery  htfgft; 
tail  longer  than  the  body.  t.  21 ;  length  from  snout  to  vent 
^iJ.  iiichefir;  tail  04.  ihches. 

^--Wrf  knitnW  yas  fitfet  detecribed  by  Mf .  Ord  in  the  Bultelin  of 
IHl^n^aMiitoh^l^e^  a»  iUb^  2^^ 
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'  S.  Defictiption  of  i  tifew  Sbecifesr  cif  Mi^mfaalia  irtiord6n  4 
Genus  is  proposed  to  beibandcfd.  By  T.  Say  aiid  O^Ord^  p. 
852, 

'  N:  G.  Si^modon.  Teeth  eight  above,  eight  below,  cttjttifig  £w6 
ia  each  jaw;  grinders  six  in  each  jaw,  nearly  equal  with  radicles, 
ahd  with  very  deep  alternate  folds  towards  the  summit ;  tail' 
iairy  ;  feet  simple ;  toes  6-5,  fifth  front  toes  very  small,  clawed. 
This  ffenug  is  allied  to  Arvicold,  and  indeed  Dr.  Harlan  has 
placed  the  species  in  that  genus.  

5.  hhpidxirti.  Head  thick ;  snout  elongated ;  eyes  rather 
large ;  ears  large,  round ;  tail  nearly  as  long  as  the  body ;  hairs 
of  the  upper  part  of  tfce  body  long,  coarse  ;  length  of  body  six: 
inches ;  tail  four  inches.  In  the  young  species  the  black  pre- 
dominates, and  in  the  adult  the  yellow.    East  Florida. 

All  the  four  papers  oh  Ornithology,  are  by  the  late  Prihce 
Charles  Bonaparte,  .certainly  the  best  American  ornithologist, 
'whose  recent  death  we  have  to  lament. 

.  The  first  is  Observations  on  the  Nomenclature  of  Wilson*s 
Ornithology.  This  is  the  continuation  of  a  series  of  papetis  in 
which  the  author  corrects  the  synonitha  (juoted,  atid  adds  niime^ 
rdus  others,  and  corrects  the  systematic  arrangement  of  the 
beautiful  work  of  Wilson  which  he  commenced  completing. 

The  others  are  Descriptions  of  13  nfew  Species  Of  South 
American  Birds,  p.  360,  370,  and  387. 

■  1.  JPringilla  xanthorea.  Dusky;  rump  yellow ;  primaries 
edged  Witn  green;  tail  tipped  with  white;  length  4|^iiiChes; 
bill  like  J?',  serinus,  Rio  Janeiro.  The  bird  was  tame,  and  sing- 
like  a  canary,  and,  like  other  Antarctic  birds,  6ang  modt  itt  the 
"^vinter. 

,  2.  Monassa  fusca.  Fuscous  brown;  shsft  of  the  Teathers 
yellow ;  primaries  and  tail  feathers  not  spotted ;  thr6^t  spotted 
with  white ;  chest  with  a  black  band.  Tamatla  brutl.  Vailldtit 
H.  N.  des  Barbus,  t.  43.    Tail  with  twelve  feathers.  • 

3.  PicUs  rubricollis,  Gmelin,  Var. 

4.  Dendrocalaptes  Angusturostris,  Vieill,  {"ulvous  browri, 
.beneath  white.  All  the  feathers  (except  those  of  the  thrbat) 
ledged  with  black ;  beak  elongated,  sUghtly  arched,  compressed ; 
length  7 J-  inches. 

6.  PH?igillaJtaviola,  Lin. 

.;  6.  "tdhdgrafjtava,  Gmelin,  Sericeous  yellow  ;  knees,  tbit)at, 
chest,  middle  of  the  abdomen,  wings,  and  tail,  yellow ;  primaries 
,and  tail  edged  with  greenish  blue ;  length  5^  inches.  liindo 
bello,  D^Azdra,  Tanagra  cholropteta?  Veillot^  T.  cdyaua, 
or femU  Desrnarest. 

.7.  Mmcicapa  violenta,  n.  s.    Tail  six  inches  long,  deeply 
forked  ;  body  grey,  beneath  white ;  head  black  ;  feather  of  the 
vertex;  go  den  yellow  at  the  base.    Tyraiius  Violenta,  Vicillet. 
8..  mumcapa  terd  opterd,  u.  s.    Qrey  wings  and  tail;  black 
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tbjTMit^  Tabdomeki';  a;faroad  band  on  the  iimga.  aiadi  aj^fi^pnof  idft 

laiLwhtte^-  fTyranus  cin&retis,  FtWZ/o^.  i. ,  .,;  :.-    -,  t..i.!L»  aiiij  ^'i 

9.  Musdicapa  pullatay  b.  s.  Grey  wings,  amd  forkcNl'tkiiiiltol!^ 
outer  edge  of  the  outer  feather  white.  -  Tfais  bird  iJBBaiiHii^fiiyib' 
c^S:o{  iLksmaresL  ■.,  i-        '  ■\    ..ii}  isO    ■ 

10.  Caprimulgus  semitorqvatusy  GmeUn:  BbckJ'afifl  mi2Uite& 
speckJed  witli  red  and  white  ;  first  four  prittiaiiea.apa^eiaA)  tiiith 
ftn^Uioue  red  central  band ;  neck  with  a  white  camceiktbfflueiidi* 
■■■:  IV.'Kalius  mgricans^  Vieill,  Greenish broiih;  btickiandwiags 
€&ve  briown;  runlp  and  tail  black.     Ypaeaha'obscnro^iilscdra^  i 

'.  12.  Garruius  ultramarinus.    Blue,  beneath  whitish  giejr  '^^tail 
equals; length  13 inches.  .:.  .v/..  ;  :-viT 

13.  Icterus  (Cassicus)  melanicterus.  Black  crested ;  ruralpaQd 
porimariesi^rback  and  tail  yellow ;  middle *tail.feathcra:^tiflBly, 
the  Mtdr  blaek  on  the  exterior  side ;  length  ll^  indies^' r  y.:.  :>- 

There  are  two  papers  on  Ichthiolo^.  ..    i'   '■•       ^..  i 

1.  Description  of  Four  New  ^ecies  of  the  Liqnsean  Gekios 
Blemius,  and  a  New  Exocetus.    By  W.  W.  Wood,  p.ii7aii^  '. 

Slennimgemi/iattis.  Head  with  a  three-^rayed  beard  overijeaoh 
eye  4  body  with  several  pairs  of  brownish  spots  on  jbker  udcp^ 
above  which  are  confluent  marks  on  the  back,  esLtendidgilstiitlte 
way  upon  the  dorsal  fin ;  dorsal  fin  with  an  irregida^'blkcklsh 
spot  in  front,  D.  27,  P.  13,  V.  2,  A.  11,  C.  14|.JmpetfiE>clilfeys5 
lea^h  2^  inches,  depth: -i.  inch.     Charleston  Harbont.  ^ '  s.' /.^ 

Jjftnmus^punctQtus.  Head  with  a  bifurcated  cirrbitSF  qkct  eirah 
eye  ;  dorsal  .fin  with  an  irregular  blackish  spot  between  the  Jni 
aud  third  rays  ;  body  thickly  covered  with  small^hlackish  spiots, 
which  are :  confluent  on  the  sides  ;  caudal  fin,  with  fiYB:  obscure 
brownish  spots,  D.  27,  P.  14,  V.  3,  A.  18,  C.  1  l^^impJerfectrays; 
length  three  inches;  depth  1  inch.     Charleston Harbonrii'-i;    ■ 

PhoiisiiovenUineatus.  Body  with  nine  whitish  longitudmal 
band^ ;  dorsal  fin  with  an  irregular  longitudinal  band ;  dorsd 
fin  with  an  irregular  blackish  spot  between  the  first  and.sleQOlid 
rays,  remainder  of  the  fin  clouded  with  dusky  brown.     IK  30, 

C.  12f ,  N.  20,  V.  2,  P.  13 ;  length  3^ ;  depth  1  inch.     Cartules* 
ton  Harbour.  ■       ',.-^  \- 

PhJoUs  quadrifasciatuSf  n.  t.  \7,  f.  L  Dorsal  fin  not  ;jpiQiBg 
the  tail;  body  with  four  distinct  brownish  bands,  at»d  an  jwitea:^ 
rupted  obscure  broad  band  on  the  neck;  belly  with ifijjuij'.ytt 
lowish  spots  over  the  anal  fin,  ventral  fin,  fasciated  wiib-forcdiKik 

D.  27,  C.  9,  A.  15,  P.  11,  V.  2.     Length  two  and  a  half,;dopft 
six-eighths  of  an  inch.  ^^^'V' 

Exoceius  appendiculatvs^  t.  17,/.  2.  Lower  jaw  wibfc.a  long 
trifuriated  beard,  the  middle  branch  largest,  extending*  about 
two*thirds  the  lenscth  of  the  body,  the  lateral  branches  very 
short.  P.  13^  D.  14,  C.  18,  19,  V.'  6,  A.  7.  Length  five  and  a 
quarter  inches. 

la  Erpetology  th^re  are  six  papers,  by  Mr.  Say  and   Dr. 
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Harkn,'the  latter  gent.!eman  appears  to  pay  particular  attention 
to  this  class  of  animals,  and  has  given  some  interesting  remarka* 
on  their  internal  organization,  which  will  be  inserted  amongat 
the  Zoological  Notices  in  our  next  number.  *' 

1.  On  tlie  Fresh  Water  and  Land  Tortoises  of  the  X^nitaJ*, 
States.     By  Thomas  Say,  p.  203. 

In  this  paper  Mr,  Say  enumerates  15  Bpecies,  one  of  which 
new;  and  he  has  named,  but  not  characterized  two  new  genera, 
ooe  for  the  Box  Tortoise,  under  the  name  of  Ciitula,  out  this 
lias  beeu  long  established  in  the  works  of  Merrem  (which  the 
American  naturalists  do  not  appear  to  know)  under  the  name  of 
Terrapena,  and  the  other  Cheloitiira,  for  the  Testiido  Serpentina 
of  Shaw. 

To  the  description  of  the  species  he  has  added  some  inter- 
esting remarks,  relative  to  the  habits  of  the  animals,  and  the  use 
made  of  them  by  the  Americans. 

.  The  new  species  is  Emi/s  biguttata,  Say.  Shell  oblong,  oval, 
slightly  contracted  in  the  middle  of  each  side,  anterior  margin^ 
scuta,  very  narrow,  linear,  occiput  with  two  very  larg«  fijlvoua 
apota ;  upper  jaw  naked ;  lower  acute ;  tail  rather  long,  simple. 
Length  4,  breadth  3  inches. 

3i  ■  Description  of  Three  New  Species  of  Coluber,  inhabiting 
^e  United  States.     By  T.  Say,  p.  237. 

-  Coluber  amtaius.  Above  brownish  or  blackish,  beneath  bright 
ted,  tail  short,  with  an  abrupt  solid  conic  tip.  Pensylvania. 
Plates  124 — 134,  scales  24 — 38.  Length  10  inchea,  tail  1^ 
inch.     Var.  a  dark,  slate  colour  above, 

I  -Crigidus.     Dark  fascous  or  blackish  ;  beneath  the  yellow, 
two  blacklines.     Southern  States.     Plates  HI,  scales  51. 
leth  20,  tail  4  inches. 

i^.'Septemvittatus.  Brownish,  -with  three  blackish  iinea,  be- 
ireath  yellow,  with  four  blackisb  lines.  Pensylvania.  Plates 
143,  143,  scales  70—73.  Length  10,  tail  2-'.  inches. 
'  The  rest  of  the  papers  are  by  Dr.  Harlan,  the  first. of  which  is 
a  "■  Notice  of  the  Plesiosaurus,  and  other  Fossil  Reliquia,  from 
the  State  of  New  Jersey,  p.  '232,  where  the  author  pointB  out  a 
new  species  of  this  interesting  genns,  and  the  three  remainder 
are  descriptions  of  the  following  new  species  of  reptiles,  two  of 
whi[ch  belong  to  a  new  genus,  under  the  name  oiCyclura,  which 
««s  notified  in  the  last  number,  where  it  should  have  been 
^aced  directly  after  Uromastrix. 

Cifchira  cariiirita,Ti.  s,  t.  15.  Crown  of  the  teeth  dentated, 
iiifr*  orbitar  ridge  with  a  row  of  horny  scales ;  dorsal  crest ; 
warty  between  the  scapula  and  over  the  sternum;  scales  of  the 
body  uniform,  square,  amall,  slightly  imbricate,  unarmed;  scales 
of  the  legs^and  feet  ending  in  tnioute  spines ;  tail  above  keeled, 
middle  slightly  compressed,  spiny  bands  ending  four  inches 
from  the  end  of  the  tail. 
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Cffclura  t^resy  1. 16.  Teeth  small,  mifortn  ti|d  pc^teA ;  dohuA 
crest  wanting  only  over  the  sacrum ;  scales  of  the  aidssy  tjiighs 
and  iQgs ;  bristled  with  n^in^te  spines ;  tail  cfliadrioai>  tetjjMiii&gk 
spiny  mys,  separated  by  twQ  rows  of  depressed  softleay  without 
spines  above.  Spines  QU  the  riQgS  nearly  equals  extending  to  the 
end  of  the  tail.  '■  ^ 

The  Lacerta  acanlhtira  of  Shaw  is  another  species  of  thjs 
genu^y  and  called  Cyclura  Shawii,  by  Mr.  Graif.  The  gennS'iS: 
nearly  allied  to  Uromastrix  of  Men^enu 

Agama  vuUuosa,  1. 19.    Body  grey ;  neck  vith  %  longitodiad 

?leat;  tail  rounds  long^  scales  rhomboidal,  keeled,  front  of  the 
>ack  and  hind  part  of  the  head  slightly  crested.  Length  IQ 
inches.    This  species  belongs  to  the~ sub-genus  Calotis^ 

Agfima  cornutOf  1 30.  Body  depressed,  ovate,  r6ugh> 'above 
brQwn>  variegated^  beneath  whitish  ;  head  above  quadrangite; 
tail  half  as  long  as  the  body.  Arkansas.  Length  four  inches. 
This  species  is  allied  to  Agama  orbicularis,  and  belongs  to  the 
8ub*genus  'i'apaj^ia. 

Sept.  sexUueaia,  n.  s,  t.  18^  f.  2.  Body  i^hitiak,  with  thrsa 
<]lark  punctulated  lines  on  each  side,  extending  from  4h«  neok  to 
the  middle  of  the  tail ;  head  with  13  irregular  unequal  soalts; 
toes  two,  unequal.  Length  four  inches.  This  speciea  forau  the 
second  species  of  the  genus  Bipes.  ■ . .    ■ 

Scincvs  bicolor,  n.^,  %;  18,  f.  1.  Above  fuscous,  hentatb  sil- 
very white,  with  two  longitudinal  white  lines  on  each  side ;  fail 
round ;  toes  6.     Length  9-J  inches. 

There  is  only  one  paper  relative  to  Amphibia,  consisting  of  % 
Description  of  a  New  Species  of  Salamander.  By  W.  W. 
Woqd,p,306. 

Satamaiidra  pujictalissima,  n.  s.  Greyish,  entirely  covered 
with  numerous  black  dots,  extremities  long  and  slender ;  tail  a 
little  longer  than  the  body.    Length  3-^  inches. 

This  volume  contains  Two  Papers  on  MoUusca,  one  a  veTy 
interesting  paper,  on  the  Float  of  Jarthitia^  of  which  we  wiU  give 
an  extract  among  the  Notices,  and  the  other,  a  Description  of  a 
New  Species  of  Modiola.     By  Thomas  Say,  p.  368.    ' 

Moaiola  opifex^  n.  t.  19,  f.  2.  Oval,  reddish  brown,  anterior 
hinge  margin,  flattened,  cordate ;  inside  rather  irridesoeat. 
Minorca,  breadth  one  a  half,  length  one-fifth  of  an  inch.  This 
species  is  allied  to  M.  Discors  by  its  shape.  It  lives  in  a  oavilgr 
formed  of  fine  agglutinated  sand  attached  to  shells. 

In  Radiata,  Mr.  Say  has  given  an  exceeding  interesting 
paper,  on  Two  Genera  and  several  Species  of  Crioidea,  p*  iJ89, 
in  which  he  forms  a  New  Family. 

N,  G,  Caryocrinites,  Say.  Column  cylindrical,  perforated 
by  a  tubular  alimentary  canal,  pelvis  formed  of  four  plates, 
costals  six,  supporting  the  scapula,  from  which  the  arms  pro- 
ceed.    'This  genus  should  be  placed  between  the  genera  of. 
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Cy^tbocrinite^iy  fmd  Actinocrimtes  ^  it  cpntains  two  s|>eai^.|^ivei> 
to  Mr.  Say,  by  Dr*  Big^by^  whg  hs^  lately  brought  Wp  ap^mea 
pf  them  to  this  country.  : 

i  .  1,  C.  ornatM$.  Costalsy  four  pentagop^l  and  two  b^xa^piaal. 
3^  (y.  lamatus^    Qodtal^  fivQ  p^atagpqat.  and  OAe  hexagon^. 

Mr.  Say  proposed  a  New  Famiyr  should  be  formed  f(\r  tha 
Mientuckif  Arterial  fmil  of  Parkin^i^iq^  which  b^  dfi«ignates 
thus :  ;      . 

Jtam.  Blastoipsa.  Colviimi  cQUfipoae^  of  numerous  ^rtic\i- 
latiog  segiQeqtSj  supporting  at  its  summit  a  number  of  ]plate$ 
conaectedi  so  as  to  lorm  A  calyciform  body,  containing^ the  vicera. 
Arms  none.  Brai^chis^  arranged  in  Ambulacra^.  Thi^  fs^mily 
appears  to  be  a  link  between  Crioidea  and  iEchini(ki.  It  oply 
contains  one  genus^  established  by  Mr.  Say,  in  Siliiqan's 
Joums^,  cfmed, 

1.  Pentremite.  Column  cylindrical,  perforated  with  irre* 
gular  side,  ^rms^  artipulating  surfaces  radiatedt  Pelvis  of  three 
unequal  species,  two  pentagonal^  and  one  (][uadragonaL  Scanulse 
large,  very  deeply  necked  for  th^  reqeptioin  of  ^he  tips  ojP  the 
radiating  ambulacra^  obliquely  truncated  at  the  extremities^ 
€acb  side  for  the  reception  of  one  side  of  a  subrhocnboidal 
plates,  or  interscapular ;  Ambulsicrs^  5.  Uadiating  from  the 
summits,  and  ending  at  the  tip  of  the  necks  of  the  scapula,  each 
with  a  longitudinal,  indented,  line  and  numerous  transverse  striee 
which  end  in  a  marginal  series  of  pores,  for  the  transmission  of 
respiratory  tubes  (?)  summits  with  five  rounded  opening  (ovaries) 
and  an  angulated  central  one  (mouth  and  anys). 

1.  Pentremite  globosa.  Body  subglobular;  sutures  with 
parallel  impressed  lines.  Bath,  England.  2.  Pentremite  pyri- 
jormis.  Body  oblong ;  pelvis  gradually  attenuated.  3.  Pentre- 
mate  Jlorealis.  Pelvis  ending  abruptly,  nearly  horizontal. 
Encrinites  florealis,  Schloth,  petnf.  Kentucky  Asterias  Fossil, 
Park,  Org.  Rem.  ii.  t,  13.    Kentucky,  Common. 

There  are  only  two  papers  on  Entomology,  the  first  a  Descrip- 
tion of  new  Hymenopterous  Insects,  collected  in  the  €xpqdition 
to  the  Rocky  Mountains,  performed  under  the  command  of 
Major  Long,  by  Thomas  Say,  p.  307  ;  in. which  he  describes 
two  species  pf  Gryllus.  1  Acheta,  1  Tridactylis,  6  Pect?itQma, 
2  Cydnus,  4  Carcus,  5  Tygeeus,  1  Acanthia,  1  Tingis,  1  Aradus, 
2  Reduvius,  2  Ceri^a,  8  Cicada,  1  Tulgera,  2  Plata,  1  Delphax, 
2  Ceriopis,  7  Tettigonia ;  but  for  the  description  of  them,  we 
jmust  refer  to  the  work  itself.  The  second  paper  in  this  depart- 
ipent  is  a  Description  of  a  New  Species  of  Irilobite,  By  J.  J, 
Bigsby,  MD.  p.  365.  Found  at  Lockport,  New  York,  and 
pcupi^a  after  Lieutenant  Bolton,  of  the  Hoyal  Engineers. 

Paradoms  JBoUoni,  L  23.  Oval  blind;  surface  with  small 
tubercles,  and  strisB  ;  clypeus  rounded  before ;  exterior  angles 


9^^  Scifijiii/i^^titi^es^MJ^^  \&dtJ^ 

^.?l^#Sfffc»  ift  MM  fpine  ;  abdomea  vl4:  jointed/^  «a»felts 

ijjTKa^QVaipmg  paper  in  the  volume  is  the>  only  oneiowA^ne^.: 

^9SX';^i^^i< '' ^b^^^^^^^s  on  the  Zinc  €>reBoCf^sMriiiaif 
%gid^t;^^^g^  Sus§^  Cpanty,:New  Jersey /'  By  Q.  FiJo6||t;.^Qq 

^lTh%l^J^i,f9ifkeT9l  described  is  a  siliceous  oxMe^tifniBic^TwlBdii 
%X||fffn|^l^);>ppeared  to  have  undergone  a  partial:  fiisiooc:  :i>k*' 
%g>^§^;P99.t^y  ^^^}  with  the  European  species  in  thercbifeinksaL 
composition^  but  it  presents  the  primitive  form  of  a^stisttt  rectsoi^? 
^^|r^|(4^iuprm4^d  prism,  with  a  square  base,  or  a  cube.  ^:  It  oily 
d^^tsfjpe^oi^h^  analysis  given  by  Klaproth  in  containhig.tlifea 
•pi^jCfijfiUp^  oxide  of  manganese.    Its  specific  gravity  is  3!lHirto 

Vj^iii^.  y:  .  .:  •■•■■,  /    ■■     ■'■■■  -'./»"■■■ 

I^/^stJl^./ contains  some  Observations  on  the  Red..O;ude  of 
^fi>/0}M:-feffer6pnitey  and  on  Carboutate  of  Zinc.  .  ".;  r    :  -? 

-rItisffitiL.pleasure  we  observe  the  regularity  with  whti>hi3ii^ 
w^k  ajip^^Fs,  atid  the  exci^Ilent  manner  in  which  it  is  omiducted.: 
^c)^||id(eri^g.  that  each  of  these  volumes  appears  )eveiy>  sir 
months,  it  cannot  but  greatly  illustrate  the  natural?  bistafv  of 
A^ff^^^,  .$0  haye  such  a  number  of  species  describfid^-and  mir 
bskii|it^:lQ^40.sknow.n,  in  that  short  space  of 'time*        .  :  >.^'  ^n    i 


* 

.■/' 

•  *         t  ■ 

■    '". 

f.L  ; 

*;■•>':.: 

■      '   1 

!  .'' 

f 

.j.'r»>. 

-      ' 

1 

V 

*l. 

• 

■  y  ■' 

'i. 

'..-- 

i 

Article  XV. 


SCIENTIFIC  NOTICES, 

Mineralogy. 


■ .  1.  Petrifactions  of  Mount  Carmel.  . « ; 

ifTiia-Ilev.!  Pliny  Fisk,  American  Missionary  to  Jerasaleni, 
se0t;  a. .quantity  of  Minerals  from  Palestine  to  Profe8SO>r  HalV 
wbeQ.lYas  described  them  in  the  American  Journal  of  Science; 
'VVe;00py.a  sia^lL  portion  of  his  paper: — 

^Iftti Jitter  to  the  writer,  Mr.  Fisk  remarks,  ''I  had: beard 
v(^ry:  often;  that  on  one  of  the  summits  of  Mount  Carmel  Aeve 
w«j^e  v^ry  curious  petrifactions  of  fruit.  The  Arabs  said,  thefe 
wei^  Mrat^rmelons,  and  many  sorts  of  smaller  fruit,  so  per&ct 
thaty^  £tt  first  ^sight.  you  would  take  them  for  actual  irnil.  rin 
my  ..lateio journey  from  Jerusalem  to  this  place,  (fieyroot>)  I 
determined  to  investigate  this  matter ;  and,  with  two  Arabs  who 
k4lew4':Qr/at  least  pretended  to  know,  where  the  watermelons 
were  to  -be  found,  I  ascended  the  mountain.  We  found  no 
watefmeto&s,  but  we  found,  in  the  mountain  which  is  formed  of 
calcareous  stone,  some  very  curious  formations,  of  which  I 
■end  you  several  samples.  I  am  not  surprised  that  the  ignorant 
Arabs  sfaoaM  have  mistaken  them  for  petrified  fruit.'' 
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'  T^ey  are,  indeed,  very  extraordinary  siliceous  wifcrttitnisi  I 

A  number  of  fragments  of  different  eizes  were  forwarded,  'toi^ 
geth^r  with  one  entire  concretion.  This  I  shall  describe. '  It 
is  aboHt;  the  magnitude  of  a  twelve  pound  cannon-b&ll ;  not'i 
perfect  globe,  and  yet  not  deviating;  widely  from  that  form.  Its 
surface  is  a  light,  ash  gray,  and  formed  of  chalky  carbonate  of 
lime,  which  efferfeaces  on  application  of  the  nitric  acid.  It 
bears  some  resemblance  in  its  aspect,  to  the  nodules  of  flint 
taken  from  chalk  quarries,  and  exposed  a  considerable  time  tti 
the  action  of  the  elements.  .       ;     - 

By  a  smart  blow  of  a  hammer,  it  was  divided  in  the  middle.- 
Tbe  interior  thus  laid  open  to  the  light  presented  several  inte^ 
reeting  substances.  The  onter  layer,  nearly  an  inch  in  thicks' 
ness,  consists  of  a  yellowish  gray  hornstone,  having  a  smooth 
fracture,  and  yielding  sparks,  easily  and  abundantly,  with  steel. 
This  surrounds  a  thin  stratum  of  very  beautiful  milk-white 
chalcedony.  In  the  centre  of  the  concretion  is  an  irregular 
cavity,  lined  with  very  perfect  crystals  of  hmpid  quarti.  On 
one  side  of  the  cavity  is  a  mass,  an  inch  in  diameter,  of  a  light 
coloured  friable  limestone. 

Ail  the  concretions  are  hollow  ;  but  the  cavities  in  the  dif- 
ferent specimens  are  surrounded  by  different  materials.  In  one, 
the  inner  surface  is  composed  of  translucent,  and  almost  trans- 
parent botryoidal  chalcedony.  In  another,  the  surface  of  the 
botryoidal  chalcedony  is  covered  with  a  white,  smooth,  unctuous, 
siliceous  matter.  In  a  third,  it  is  surmounted  by  a  countless 
number  of  elegant,  pearly,  microscopical  crystals  of  quartz. 
In  a  fourth,  is  a  small  mass  of  semi-opal,  containing  cavities. 

Allusion  is  unquestionably  had  to  these  stones,  in  a  paragraph 
of  Dr.  Clarke's  Travels.  "  Djezzar  Pacha,  of  Acre,'  says  he, 
"informed  us  that  upon  Mount  Carmei,  he  had  found  several 
thoiisand  luge  balls,  and  never  conld  discover  a  cannon  to  fit 
them."  In  a  note  it  is  added,  "We  supposed  that  by  these 
balls  Djezzar  alluded  to  mineral  concretions  ofa  spherical  form, 
found  ID  that  mountain.  As  the  Turks  made  use  of  stones, 
instead  of  cannon-shot,  it  is  probable  that  Djezzar,  who  was  in 
great  want  of  ammunition,  bad  determined  upon  using  the 
stalagmites  of  Mount  Carmei  for  that  purpose."  When!  first 
read  Clarke,  1  had  not  the  most  distant  expectation  of  ever 
having  the  pleasure,  personally,  to  examine  specimens  of  these 
singular  stones. 

Professor  Hall  concludes  by  observing,  that  from  the  speci- 
mens sent  him  by  Mr.  Fiak,  and  the  remarks  of  various  travel- 
lers, it  may  be  inferred  that  a  large  portion  of  Palestine  is  of 
limestone  formation. 

2.  On  the  flexible  or  elastic  Marble  of  Berkshire  Counfy. 
Prof.  Dewey  describes  this  American  marble  as  follows : — 
^^  _"  It  has  various  colours,  nearly  white  with  a  teddiah  ticgp. 
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gnaiy^  md  cloye-»poloured«  Some  of  it  has  a  fine  grainy  other 
gpecimeas  stre  coarsely  gr^LQular  aad  have  a  loose  texture.  U 
iq  not  uncommon  for  one  side  of  a  loose  block  to  be  flexible, 
while  the  other  part  is  destitute  of  this  property.  It  takes  a 
goibd  polisbf  ana  appears  to  be  carbonate  of  lime,  and  not  a 
tnagnesian  carbonate. 

.  '^It  is  well  known  that  Dolomieu  attributed  the  flexibility  of 
the  marble  he  es^amined  to  its  exsiccation,  and  that  BelleTue 
pertained  that  wielastic  marble  might  be  made  elastic  by 
exsiccation.  The  flexible  marble  of  this  county,  however,  losea 
this  property  in  part  on  becoming  dry.  When  it  is  made 
thoroughly  wet  by  the  operation  of  sawing  or.  of  polishing,  it 
Qiuat  be  handled  with  great  care  to  prevent  its  breaking,  and 
X^  lar^e  slabs  of  it  cannot  be  raised  with  safety  unless  sup- 
ported m^the  middle  as  well  as  at  the  ends.  The  existence  of  this 
property  is  doubtless  dependent  upon  the  same  general  cause* 
ip  marme  as  in  other  dense  bodies. 

'^  From  the  extensive  view  of  marble  given  in  Reea'  Cyclo* 
pwdia,  flexible  marble  appears  to  be  a  rare  mineral.  One  of  the 
specimens  I  have  lately  obtained  is  to  be  sent  by  the  Austrian, 
Consul  tQ  the  Ipiperial  Cabinet  of  Vienna.  As  more  speci- 
mens niay  doubtless  be  obtained  at  a  reasons^ble  expense,  I 
would  gladly  aid  those  mineralogists  who  desire  to  procure  spe- 
cimens for  their  cabinets." — (American  Journal  of  science.) 

3.    New  and  extraordinary  Minerals  discovered  in    Warwick, 

Orange  County,  New  York, 

The  following  is  an  abstract  from  Dr.  Samuel  Fowler's  paper, 
m  the  American  Journal  of  Science : — 

Every  thing  extraordinary  in  the  valleys  of  Sparta,  Franklin, 
and  Warwick,  belongs  to  tne  formation  of  crystalline  hmestone^ 
which,  perhaps,  has  no  parallel  in  any  other  region  of  the  world. 
Even  Arendel  and  Wroe  are  inferior  in  mineral  riches  to  this 
crystalline  calcareous  valliey. 

While  recently  exploring  this  formation,  I  made  a. discovery 
in  the  township  of  Warwick,  Orange  county,  N.  Y.  of  minerals, 
the  most  extraordinary  for  magnitude  and  beauty,  which  have 
ever  yet  come  to  notice.  What  will  be  thought  of  Spinelle 
pleonasie,  the  side  of  one  of  whose  bases  measures  three  to  four 
mches,  or  twelve  to  sixteen  inches  in  circumference  ?  These 
crystals  are  black  and  brilliant,  sometimes  aggregated,  at  other 
times  solitary ;  at  this  locality  seldom  or  ever  less  than  the  size 
of  a  bullet.  Some  are  partly  alluvial,  their  matrix  decompos- 
ing, but  when  unaltered  they  are  found  associated  with  what 
has  never  yet  been  described,  namely,  crystals  of  serpentine,. 
sHghtlv  rhomboidal  prisms  of  a  magnitude  parallel  with  the 
crystals  of  spinelle,  often  greenish  and  compact,  at  other  times 
tixL|^d  yellow  by  an  admixture  of  brucite. 
^^^^  <?7B^  ^^  ^\  ^^  smallest  resemblance  to  the  mar- 


miii;^  of ;  Sr«ttfill,  eirop^Qusljr  iire£evr04  l^^  9^:^^ 

mere  ground  of  chemical  affinity,  by  Mr,  Vaimsenit  •,  -d  tvH  )r^i^ 
Tbe  fldagtiituda  of  oth«r  cryfital»  at  tbiii  i^acei  .(Wtvii^QitOli  is 
equally  sufpming  a«  that  of  tbei^  apini^Ua.  Clrjrfitok^  o^tio^fn^ 
U$ef  tenninaliecl,  are; U»  b^rfQuixl,  ^ftebaf  tb^  »i$  fil<M iqf'tM^ 
prisma  measuring  fpur  inc)i98-H>f  ^  circumfei)«6^ft  Qf;;t^;^^$«j%il^ 
toRp  iqehee^  or  evfiftfu^re.  Tb^y  v^  of  Cfoarw  lAwgb  %pdi<?or-N 
nni^^  (  but  ibe  smi^lar  piisms,  ofteq  mH^  ii^rraw  r^filftc^iiidi^ft 
on  the '  edges^  are  vevy  perfect  t^nd  nUaois  t,  tr$M:i»p^^trrr&A  pl 
tbes^  s»lighUy  tinged  wiib  green.  .   ^ 

In  a  Tcry  singular  bed,  subordinate  to,  .and  indt^fMl  iiyi  th^ 
cpystalline  lime^tooe  oocuring  m  the  form  of  st  br«coifi',Qf  th^e 
q)4  r^d  sandstone,  red  graphic  granite^  ^d  white  fij^lcjftp^^vJL 
b«,v&  found  partly  diapbanoueii  ftoltisb,  green  ootab^ral;^^$t4)(|( 
pf  considerable  magnitude  for  wbiph  I  know  of  no  Q^qertpio^e^ 
obaract^r.  They  app^r  almost  similar  in  substaup^  t^  9imff4i$> 
being  easily  cut  by  a  knife.  They  ate  not  bQw«¥a^;fQUn4«i^ 
Ui9  sj^nelle  of  this  localityi  i»  oarbonate.of  }m9.  f^p%i4<ni^ 
tli^efora  this  mineral  as  new,  I  propose  to  call  it  Bmfdidib^^}'^ 
^usiou  to  its  nfliLmty  to  the  pseudomorphoiis  cryits^s-cikf  stec^UUit 


•   ;'!}>■■    t 


Jb^'foUpwing  wftlysies  are  by  Pyofessor  Gmalip,  of  Tfttv^^^H^ 
in  Wurtemberg : — ►  r  .  t*;  .'? 

Silica 62'264 

Alumina V 28-346 

Ox.  of  Manganese • .    3-602 

Potash    ....>.......  fc...... *    &90a  -.  ,i. 

Xithion ., ./  4-79a   >        •   /. 

FluorioAcid 3-609 


"•  1 


99-506 
6.  HehiH^ 

Silica 33-258 

Glucine 12-089 

Oxydule  of  manganese 31-617 

Protoxide  of  iron 6*564 

Sulphuret  of  manganese 14-000 

I'll'.  ' ' ■    •■.*■•  k'.-^ 

96-728  [ 

JLoss  Jby  ignition , 1-665  .   ; 

Zoology 


■ » 


*  ■' 


'*  ■     t  I    \ 


6y.  Qif^JuCkmourom^s  HemDivisionofih^  Animal  Kingdom^ 

liamouroux,  on  the  7th  of  February^  1826^  presented  <»  thi^ 
^nnsean  Society  of  CalvadiOs,  ^  Treatise  on  a  new  Distribution 


SU  ScUtti^  NMcei^Zoobgjf.  [^ct. 


«iFilil#c3ftnlfi|tl'Klk)gd6ali  in  which  he  proposed. to^ivjiiie  itifito 

i^O '^6«ip«i^-'th\ji8 :  :  '■•  ■  ■  ■■>,•.'■■.  .-'  :■  ": 

b{'l.rJSm)^mits4 '  LWipg  in  air  or  wftt^  ^  orgaM :tc»f  oteclpiration 
di^iifete  ;^At€rTftr6ly  useful,  sometimes  injwrioos;  sketetoia  conh' 
^ed'^'aiti^alated  pieces;  head  abvaya-distiiiet^^'ergaQs^of 
fel6o^6tioti'ik)rrmed  df'jEbinted  pieces ;  lateral  opposite,  patdUd, 
^lAPpdiit^;  thftt  is  to  say^  symmetrical;  nerrous  systbm  iten*- 
dloidi%^v<^  4qpj[)arent;  composed  of  a  moniliform  vpihat  marrow, 
each  knot  or  joint  of  which  received  two  trufiksof  the-  priocipat 
nerves ;  reproduction  by  union  of  the  two  sexes,  separate  on  the 
diflferent  individuals.     Dioicous. 

2.  Hydrozoces.  Living  in  the  water,  or  in  a  damp  air ;  organs 
of  respiration  simple,  or  ihdistinct ;  water  indispensable  to  all 
the  individuals  in  all  ages  and  in  all  states ;  skeleton  not  inter- 
rupted or  wanting;  head  sometimes  apparent,  usually  wanting ; 
organs  of  locomotion  never  jointed,  nor  symmetrical,  often 
wanting;  nervous  system  slightly  apparent,  often  invisible,  with- 
OKit':^y .-spinal  marrow,  sometimes  radiating  very  rarely  wHh  a 
cebbahe  ganglia.  Reproduction  by  the  union  ofuneaejmat 
being  in  ^some  groups  (Dioicous) ;  by  the  union  of  >  bisietod  iti 
^ithet^'XI^^^^^phi'odite);  and  without  sexual  union  in  «>thtirs 
^Agamods).  In  the  last  the  reproduction  is  oviparous^  g^mi- 
parous,  or  fissiparous.  '       ? '    ': 

The  first  of  these  groups  contains  the  Vertehratd  arid  At^milom 
of  Cuvier,  and  the  second  the  MoUusca  Radiata  and  ±oophilt^s 
of  the  same  author.  Lamx.  Bui.  Sci.  Nat.  1825. 
,  The  division  ia  exactly  the  same  as  that  proposed  by  Mr. 
W.  S>  id[aclBay,  in  his  paper  on  certain  Laws  .which  regul^^  the 
Arrangement  of  Insects  and  Fungi,  whi^h  was  reprinted  in  the 
jfimim^  vol..vi.p.  324>and  abridged  into  the  BiiUetin  of  Sciences 
fot)824, 

1.  Oh  .the  Horn  of  Plenlyy  a  Variety  of  the  Common  Garden 

Snail, 

A  most  beautiful  specimen  of  the  monstrosity  of  the  common 
garden  snail  {Helix  asperse)  called  the  Cork  screw,  or  Horn  of 
plenty,  on  account  of  the  whorles  being  separate  from  each  other, 
so  as  exactly  to  represent  the  figures  of  the  latter^  waa  disco- 
veiced  a  few  months  ago  in  a  c^arden  in  Devonshire. 

This  monstrosity  was  first  described  by  Bom  in  hi|j  descrip- 
tion of  the  shell  in  the  Museum  of  Maria  Theresa,  where  he 
foimcd  it  into  a  genus  under  the  name  o{  Corni  (Born  Mus. 
S62,  t.  13,  f.  10,  11,  and  Vignette,  p.  361),  and  gave  three  good 
figures  of  the  shell.  Chemnitzadded  monstrosum  tO'  the .  named 
and  copied  figure  of  Born.  Shaw,  in  his  Naturalist «  Mi^ellany, 
fifftirecF  the  snell, "^  arid  undet^  the  natne  of  Cqrnucopnt-lietitina 
(xiv.  t  618).    Gmelih  and  Schroeter  considered  it  aid  a  species 


1826;]  New  Scie'itific  Bookt. 

ofSerpula,  calling  it  S.  cornucopia,  aad  Mr.  PJIlw^n  H3ed  tbe 
latter  name,  but  confounded  it  with  Serjiula  helicitia  of  tlie 
Portland  cabinet,  vih^ch  is  Magiliis  ontiqiMs  ofLamajck,  and 
does,  as  Mr.  HumpiueyG  deacrijuee,  live  in  atones  and  corals ; 
and  IVlr.  Dill-wyn,  arguing  from  Uiis  fact,  obsetveB,  that  "  the 
habitat  which  Mr.  H.  iias  given  {precludes  the  possibility  of-  i^ 
being  adistorted  land  shell."  Ferussac,  in  hid  Synopsis  of  the 
Species  of  Snails,  doef^  not  refer  to  these  synoninta,  nor  take  on)^ 
notice  of  the  monstrosity.  ■  ,i,^ 


Article  XVI. 
NEW  SCIENTIFIC  BOOKS. 


rREFAHING    FOR    tUBMCMIOK.  gnijn«. 

An£s6ay«D  the  Geologioul  and  Chemical  Phenomena  of  Vo&i» 
noes,  being  the  Substance  of  Tm'o  Lectures  read  before  the  L'tuvcrsityt' 
By  C.  Doabeny,  MD.  FfiS.  Protesflor  of  Chemistry  at  Oxford.       '    i 

Botanioal  Sketches  of  the  Twenty-four  Classes  of  the  Linneaa. 
Systeni,  with  Fifty  Specimens  of  English  Plants,  &c.     Post  8vo.  .  -  /.  , 

A  Treatise  on  Epidemic  Cholera,  or  Sketches  of  the  Diseases,  of 
India,  including  Statistical  and  Topogruphicol  Reports,  &c.  £'j* 
James  Annesley,  of  the  Madras  Medical  Establishment,     8vo, 

A  Practical  Treatise  on  Poisons ;  forming  a  Comprehensive  Manual' 
of  Toxicology.     By  J.  G.  Smith,  MD.     Svo.  '  ".-■ 

On  the  Digestive  Functions,  and  the  various  Complninis  mcidenl  to 
their  disordered  State ;  with  a  General  View  of  Curative  Dietetics.' 
Bv  J.  A.  Pari^,  MD.    Svo.  A 

The  Economy  of  the  Eyes,  Part  11,  of  Telescopes,  with  an  Abstract 
of  the  Practical  Parts  of  Sir  W.  Herchell's  Writings  on  Teleaeapa«^ 
Double  Stars,  &c. 

An  Anatomical  Description  of  the  Ligaments  as  Connected  with 
the  Joints,  with  Observations  on  the  Injuries  to  which  they  are  liable. 
By  Branaby  B.  Cooper,  Esq,  Lecturer  at  Guy's  Hospital.  Koyal  4to. 
,  «ates. 


Lj  "Antediluvian  Phytology,  illustrated  by  Fossil  Kemalns  of.  Plants 
peculiar  to  the  Coal  Formation  of  Great  Britain.  By  Edmund  Tjrell 
Ariis,  FSA.  and  FGS.     Hoyal  4to.     '11.  10*. 

A  Centiuy  of  Surgeons  on  Gonotrinca,  and  on  Strictures  of  the 
Urethra.     l'.imo.     7^. 

A  Voyage  towards  the  South  Pole,  in  ia22— t ;  containingan  Exa- 
minniion  of  the  Antarctic  Sea,  to  the  74th  Degree  of  Latitude,  &c. 
By  Jamea  Wedilell.     Svo.     Plates.      lUs. 

KThe  Works  of  tlie  kte  Matthew  Bailie,  MD.  witli  an  Account  of 
I  Life.    By  James  Wardrop.     2  vols.  Svo.     'ios. 


ilH  ^ew  Patents.  '  -  fOct* 

'    lltipbri:  oh  thfe  Miheii  in  the  Eastern  DiVyoh  of  Hityti,  and  tb« 
FAfciKHes  6f  Working  them.   By  W.  Watton.    2s.  6d. 

RepoH  of  W.  ChapmiUi)  Esq.  Civil  'EDgine^r,  oh  the  Manchester 
And  Dae  Ship  Canal.    Plttet..  4«. 

*    Medical  Researohes  on  the  Efieots  of  Iodine  in  Bronchocele,  Para- 
lysis,  &c.   Bjr  Alexk  Manson,  MD.    8vo.     12;. 
:    Manuale  Mf  dlcildiy    or  Medical  Pocket  Book,  for  the   Use  of 
^tudedtk    By  H.  L.  Sanders.     12mo.    5s. 

An  introduction  to  the  Use  of  the  Stethoscope,  with  its  Applies- 
tion  to  the  Diagnosis  in  Diseases  of  the  Thoracic  Viscera,  &c.  By 
W.  Stokes,  MD.    6s.  6d. 


Article  XVII. 
NEW  PATENTS. 


.,  6.' H'4  Jltvne,  John-street,  Blackfriars-road,  machinist  and  engineer, 
an4  t*.  Stainford,  Grove,  Great  Guildford-street,  SoutbWark,  smith 
and  engineer,  for  improvements  in  machin^^y  for  making  bricks*— 

W .  rarr,  Union-nlace,  City-road,  Mjddle^x,  for  ]m{>ro^ments  in 
tlie  mode  of  propelling  vessels. — Aug,  27. 

.  J.  Bowler,  Nelson-square,  Blackfnars-road,  Surrey,  and  t.  Galao, 
Strand,  Middlesex,  hat-mdnufacturers,  for  improvements  in  the  manu- 
facture of  hats,— Aug*  27. 

C  Mercy,  Edward's-buildings,  Stoke  Newington,  Middlesex,  for 
improvements  in  propelling  vessels. — Sept.  8. 

W.  Jetferies,  jLondon-street,  RadcliSe-cross,  brass-manufacturer, 
i^or  a  machine  for  impelling  power  without  the  aid  of  fiire,  water,  of 
air.-— Sept.  iS.  .  . 

J.  A«  ^Teissier,  Tottenham-6ourt-road,  for  improvements  in  steam- 
engines. — Sejpt.  15. 

U.  Dempster,  Lawrence  Pouatney  Hill,  for  improved  cordage.— ^ 

Sept.  15.  .         .  i  .      . 

G.  H.  Palmer,  Royal  Mint,  civil  engineer,  for  a  new  arrangement 
of  machinery  for  propelling  vessels  through  the  water  to  be  effected 
by  steam  or  any  other  power. — Sept.  15. 

A.  Eve,  South,  Lincolnshire,  carpetMnanufacturer,  for  improve- 
ments in  manufacturing  carpets,  which  he  intends  to  denominate 
i'rince's  Patent  Union  Carpfet. — Sept.  15. 

L  Lukens,  Adam-street,  Adelphi,  machinist,  for  an  instrument  fof 
destroying  the  stone  in  the  bladder  without  cutting,  which  he  deno- 
minates Lithontrepton. — Sept.  15. 

.  Sir  T.  Cochrane,  Knt.  (commonly  called  Lord  Cochrane)  of  Ton- 
bridge  Wells,  Kent,  for  a  new  tneChod  tif  ptopelliiig  ships,  vessels,  and 
boats,  at  sea. — Sept.  15. 

^   C.  Jacomb,  Basinghall-street,  wool-broker,  for  improvements  In  the 
coiistru&tfon  jdT  furhaCeii,  8t6V^,  gr&tedj  dAd  fire-places.'-^SepC*  15: 


Article  XVIII. 
METEOROLOGICAL    TABLE. 


BARONCIEn. 

Tbekmohktgs. 

■       ■  ' 

-    isas.      wini. 

Ma*. 

Min. 

Mbx. 

Mitt. 

Ev>p. 

lUbu' 

.8th  Moo. 

Aug.  1      E 

30-10 

30-08 

92 

63 

— 

as      E 

30-09 

30-03 

82 

55 

05 

3      S 

30-08 

29-73 

80 

62 



05 

4S     W 

2973 

29ti5 

77 

55 

_ 

36 

5S      W 

S9-76 

29-ff5 

75 

55 

■93 

10 

61    W 

29'80 

29-76 

72 

55 

70 

7S      W 

39-81 

29*80 

72 

53 

— 

s\   w 

39-84 

3981 

72 

20 

g!     W 

29-85 

29-34 

73 

53 



10 

S      W 

30-10 

29-S5 

73 

30 

. — 

15 

11 

s    w 

30-10 

30-08 

74 

52 

•85 

12 

s    w 

3008 

29  7  r 

74 

58 

13 

s    w 

297? 

29-59 

70 

57 

38 

14 

N     W 

29-63 

29-59 

72 

S5 

■  "_^ 

<a 

13 

Nf     W 

29-94 

29-63 

6a 

57 

_ 

IS 

16 

N     W 

29 '98 

29-94 

73 

5i 

— , 

17 

W 

30-13 

29-98 

79 

59 

— 

01 

18 

N     W 

30-31 

30-13 

72 

56" 

■  •83- 

19 

N     W 

30-45 

30-41 

69 

44 



*   go 

N 

30-45 

30-42 

72 

32 

_ 

31 

N     W 

30-42 

30-40 

84 

51 

33 

E 

30-4.0 

30-27 

78 

55 

_ 

I--  - 

S» 

N  >    E 

30-27 

30-20 

79 

50 



24 

N      E 

30-24 

30-22 

84 

49 



25 

N      E 

30-25 

30-24 

81 

49 



26 

S       £ 

30-25 

30-23 

78 

52 

■92 

_ 

27 

E 

30-23 

30-14 

62 

58 

55 

S8 

N    W 

30-J8 

30-1+ 

70 

6u 

_ 

02 

29 

s    w 

30-21 

30-18 

70 

58 



36 

SO 

S        E 

30-ai 

30-21. 

.   sq 

60, 



■'        31 

E 

30-21 

30-20 

85 

54 

■40' 

,  ,.r,-,-.^ 

3045 

29-39 

-JL^ 

44 

3-95 

2-93 

^nie  obaerndiMu  in  each  li _.  

b^imung  at  9  A.  M.  im  the  daj  indicated  ir 

the  leauU  ii  induded  in  the  next  foUowing  observstioa. 


33&  Mr.  Bmard^  M§i€Qr6bgkal  JfomuA*'   [Oct*  1825; 


REMARKS. 


JRighi^  M(mOu^\.  Fine.  ^.  Shonrery.  3.  Fine.  4,  5.  Showeiy.  6.  ^tfSaiyi 
tome  li^tiiiDg  with  thnnder  about  thrpe,  p.m.  7.  I^&t.  8.  Showery.  9.  Fhe. 
10.  SluMvwj*  n,  IS.  Finei  13.  Rainy.  14.  Hne.  15.  doody*  Id-i-SO.  line. 
$1.  F^:  niltry.  S2— 86.  Fine.  27.  Rainy.  28.  Cloiuiy.  29,  Sbowoy. 
30-^31.  Soltiy. 


RESULTS. 


Winds:    N,l;  NE,S;  B,4;  SE,3;  S,l;  8W,8;  W,4;  NW,  T. 

<    3aicmnlw:  JUteaahei^t 

■                                          -                       .     .  •         " 
For 4lM  month 3Ch049|«|^ 

IJhennpinMgi  Mean  height 

For  the  month 65*061^ 

Evaporation « 3*95  in. 

,..  ^•93 


JM^rtOoryf  Stra^i^  Ninth  Monthy  26,  1825.  R.  HOWARD. 
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ANNALS 

OF 


PHILOSOPHY. 


NOVEMBER,   1825. 


Article  I. 


On  a  Dhest  of  the  Plans  of  Ships  in  the  British  Navj/.  By 
Jobu.JNiajor,  Foreman  of  Chatham  Yard,  late  of  the  School  of 
Naval  Architecture. 

(To  the  Editors  of  the  Annals  of  Philosophy.) 

GENTLEMEN,  Chatham  Yard,  Oct.iy  1825. 

Among  the  many  plans  that  may  be  had  recourse  to  for 
attaining  a  knowledge  of  the  principles  of  naval  architecture,  it 
has  appeared  tome  that  none  is  so  likely  to  produce  t^e  desired 
effect  as  a  digest  of  the  plans  of  ships  in  the  British  navy.  By 
this  is  meant  an  analysis  of  their  forms  and  equipments,  and  a 
comparison  of  their  elementary  compositions  with  the  sea  service 
of  the  ships.  : 

To  speak  more  particularly,  I  think  the  following  elements  of 
every  sea-going  ship  in  the  British  navy^  if  calculated  and  gene- 
rally made  known,  would  throw  more  light  on  this  subject  than 
any  courses  of  experiments  on  resistance,  on  models  of  ships,  or 
than  any  theoretical  deductions  alone,  though  conducted  by  the 
first  rate  mathematical  genius.  They  are,  the  channel  service, 
foreign  andjight  displacements,  or  the  weight  of  the  whole  ship 
when  fitted  for  channel  service,  foreign  expeditions,  and  the 
weight  of  the  hull ;  the  principal  dimensipns,  viz.  the  length  on 
the  load  water  line,  breadth  and  draught  of  water ;  the  areas 
of  the  load  water  plane  and 'midship  section;  the  place  of  the 
centre  of  gravity  of  the  displacement,  or  its  distance  from  the 
load  water  line  and  the  middle  of  the  length  of  the  ship  ;  the 
centre  of  gravity  of  the  ship  and  its  contentSj  obtained  by  an 
experiment,  which  is  here  appended ;  the  height  of  the  meta- 
centre  at  the  mean  height  of  ports  out  of  water ;  the  length 
of  masts,  and  size  of  the  sails,  so  that  the  whole  surface  of  can* 
vass,  set  with  different  strengths  of  wind,  might  be  seen,  together 
with  the  centre  of  eflbrt  of  such  sail ;  the  weight  of  the  met^il 
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on  each  deck^  of  the  masts,  rigging,  ballast,  water,  and  provi- 
sions ;  the  moment  of  the  guns  out  of  water,  or  their  weight 
muhipUed  into  the  distance  of  their  common  centre  of  gra- 
vity from  the  water,  which  is  the  best  criterion  of  their  force. 
The  force  of  stability  at  10°  of  inclination  ought  also  to  be 
calculated  by  Atwood's  method,  and  it  would  serve  in  the 
experiment  for  finding  the  centre  of  gravity  of  the  ship. 
Analytical  research  might  be  carried  further  than  this  at 
a  more  advanced  period  of  naval  architecture  in  this-  coun* 
try,  and  ou^bt  to  be;  but  at  present,  perhaps,"  the  above 
oudine  should  not  be  exceeded.  When  the  analysis  is  interest* 
ing,  Dr.  Inman's  calculation  for  ascertaining  the  form  between 
wind  and  water  to  make  the  ship  revolve  round  a  longitudinal 
axis  ought  to  be  applied. 

By  documents  in  use  at  the  Navy  Office,  the  dimensions  of  the 
ship,  of  their  masts,  and  the  number  of  guns  and  men,  with  th# 
draught  of  water,  and  an  incorrect  estimate  of  the  tonnage,  i^ 
already  officially  noted.  The  accounts  of  the  ships  there 
obtained  are,  however,  from  the  infant  Btate  of  the  science  of 
naval  architecture  in  this  country,  not  very  minute,  or  adequately 
descriptive.  It  is  impossible  for  one  person  to  obtain  by  private 
calculation  enough  data  to  guide  him  sufficiently  in  desiring 
ships,  yet  nothing  more  than  what  is  stated  is  the  resntl  m 
official  duties. 

Although  much  has  been  done  by  the  present  naval  adminis^ 
tration  in  introducing  scientific  knowledge  into  our  dock  jardift 
by  the  appointment  of  the  students  from  the  School  of  jnavid 
Architecture  to  offices  in  them^  yet  it  has  not  become  the  official 
duty  of  any  one  officer  to  be  concerned  in  the  theoretical  con- 
structions of  ships.  It,  therefore,  happens  that  the  above 
elements  recommended,  are  by  no  means  generally  knows,  Bom^ 
of  them  not  at  all,  and  most  of  those  supposed  to  be  so,'  -ratpei* 
fectly :  the  error  is,  therefore,  as  bad  as  ignorance ;  and  henoe 
has  arisen  the  practice  of  building  from  foreign  ships^.  "r 

As  the  British  navy  contains  ships  of  all  nations j  the  mv|B9* 
illation  proposed  would  go  far  to  exhibit  a  comparison  g:el!e* 
rsdly  of  ships.  It  might  be  desirable  also  to  obtain  an  analyvis 
of  some  of  the  latest  French  and  American  ships,  both  merchant 
and  martial. 

In  October,  1821,  I  submitted  the  above  plan  to  the  Honoui^ 
able  Navy  Board,  and  they  did  me  the  honour  to  approvq  of  it, 
by  consenting  to  the  execution  of  it  by  myself  only^  'on  account 
of  economy.  As  the  work,  however,  is  sufficient  for  the  phyaidal 
exertions  of  six  mathematicians  for  four  years,  with  the  reqruifiite 
assistance  of  labour  from  the  dock  yards,  such  an^approbaEtion 
was  abortive.  It  was  announced  to  me  in  Oct.  I882>  ^' that  it 
was  not  considered  necessary  to  prosecute  the  work  any  further 
at  present.^'    The  object  I  had  principally  in  view- wa^  toiderive 


.1626^  Pbms  ef  Skips  in  the  BriHsh  Navy.  32S 

a  theory  of  vessels  from  facts ;  in  addition  to  this,  it  would 
afford  correct  ofBcial  data  for  oomputation,  and  a  navy  which 
ooBts  15,000,000/.  sterling  in  every  ten  years  would  have  its 
construction  founded  on  accurate  estimates.  I  have  ardently 
pursued  the  study  of  the  subject  since,  and  in  consequence  do 
sat  hesitate  to  state,  that  the  government  would  save  by  it  more 
than  the  value  whioh  the  execution  of  the  plan  would  cost, 
besides  raising  the  dock  yard  service  of  the  navy  in  scientific 
competition  with  that  of  foreign  powers. 

:  . 'Col.  Beaufoy  and  Mr.  G.  Harvey,  of  Plymouth,,  a  few  months 
ago,  in  the  Annals  of  Philosophy ^  recommended  a  course  of 
experiments  on  resistance  as  the  only  means  of  extending  our 
knowledge  of  the  scientific  construction  of  ships.  So  strongly  did 
the  latter  assert  the  necessity  of  it,  that  he  said  '^  all  was  darkneeg 
and  uncertainty  without  it."  It  is  tny  opinion,  however^  foom 
the  little  advantage  hitherto  derived  from  such  courses^  and  the 
difficulties  of  applying  what  knowledge  could  be  obtained  frads 
them  to  ships,  that  it  is  by  no  means  a  promising  track  of  pur^ 
suit  for  a  theory  of  vessels.  The  maximum  of  the  power  of 
earrying  sail  must  be  united  with  the  minimum  of  resistance,  and 
both  with  the  weight  of  huU,  pitching,  and  rolling  quaUties>  &6^. 
When  we  consider  the  paucity  of  knowledge  appUcable  to  ship*- 
building,  arising  from  the  em)rts  of  the  splendid  constellation  of 

fenius  that  pursued  the  subject  of  the  resistance  of  fluids  in  the 
rench  Academy  for  twenty  years  (from  1770. to  1790);  the 
results  of  the  ardent  application  of  the  Society  for  the  Encou^ 
ragetnent  of  Naval  Architecture,  in  making  10,000  experiments 
fer*the  same  branch  of  knowledge ;  together  with  the  failures  of 
fieveral  other  distinguished  bodies  and  individuals  :-*-our  expec>» 
tatkon  from  the  institution  of  another  course  of*  experiments  oa 
reuBtance ought  not  to  be  very  sanguine.    To  obtam  the  theory 
ei  nsBistance  seems  to  be  more  in  the  department  of  a  national 
teormed  body>  as  th$  resolution  of  a  fine  physical  problem  in 
mathematics,'. rather  than  as  a  work  to  be  depended  on  for 
impiDfvement  in  ship-building. 
-  ifjwe  can  ascertain  the  force  or  moving  power  of  the  sails 
aisting  atthe  jK)m^  velique  or  resultant  of  the  resistance,  we  may 
BQie  iOOi  formal  experiments  on  resistance  in  every  ship  that 
goes  to  sea;  and  this  I  believe  it  possible  to  obtain  to  a  very 
near  d^ree  of  approximation,,  probably  as  nearly  as  i^  any  regu- 
lar ^experiment  on  a  model. 

.  Asainyif  we  have  the  resistance  at  a  given  velocity  of  a  ship^ 
which  maybe  obtained  by  swinging  a  ship  in  a  stream,  and 
vieasurinffltbe  pull^  we  have  the  power  of  the  sail  acting  at  its 
centre'  'o|'  effort  when  this  ship  sails  on  the  ocean  with  sueh  a 
oeleiity  a&  the  given  motion. 

•«  Ships  sail  I  on  different  lines  of  bearing;  therefore  the  best 
i^amAoi nsistueaiD  ttie'direotion  is  nollikelT to  betiutiatha 
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otta€r;  'The  mftximam  of  the  power  of  carrying  sail  ii  alsOito^be 
ttnited  mth  the  miaimuiu  of  resistance.  The  siiialbiefe  ofrib^ 
riiip  for  expense  and  saving  of  timber^  the  workmgby  pit<^mg- 
and  rollings  and  the  weatherly  qualities^  ar6  all  to  bebleodilfl 
and  properly  considered  in  a  ship.  And  thh  it  appears  > to  sale 
can  be  only  developed  by  the  analysis  of  facts,  anA  oritici^ 
methods  of  comparison.  In  this  manner  a  generalisatioti'^fOf 
principle  would  soon,  on  a  little  study,  occur  to'  aifefl€iiti9'g 
mind,  and  facts  would  check  the  speculating  fancies  whiekhoi^ 
hitherto  been  the  principal  ground  for  the  different  fonoftrof 
ships*  ■■■•:.■■, 

The  most  important  information  we  have  respecting:  Bhipai^ 
that  by  incretising  the  principal  dimensions  of  the  various 
dasdes  of  ships,  maintaining  a  similarly  constructed  body^  we 
have  faster  sailing  vessels.  Conversely,  if  we  similarly  redtice 
the  forms  of  ships,  we  have  slower  going  vessels.  This.  14 
derived  from  the  observation  of  facts.  And  although  the  pnjDici« 
pie  leads  to  greater  expences,  yet  the  superior  (quality  of  sailing, 
renders  the  adoption  of  increased  vessels  desirable.  By  tlus 
means  three  ships  may  expedite  what  four  others  do :  /they 
would  also  have  the  advantage  of  overtaking  all  weaker  toemi^ 
and  avoiding  fleets  and  more  powerful  ones.  The  importance 
of  such  ships  was  never  so  much  shown  as  in  the  late  A^pMrican 
war,  where  six  large  frigates  eluded  an  English  navy  of- stiE 
Kne-of-battle  ships  and  30  frigates.  For  the  last  200  years  the 
principle  has  been  increasingly  acted  on;  the  French .'ha^v^ 
always  preceded  us  in  it,  and  still  continue  to  do  so.  ^   ti 

The  above  feature  in  vessels  is  not  the  only  one  to  be  ecmfi^ 
dered  :  there  are  others  necessary  to  make  a  good  ship.  .  A  ship 
of  the  line  may  be  built  of  better  qualities  than  our  74  gun  sbij^i 
and  cost  6000/.  less.  This  the  Swedes  have  effected!  ithrbngb 
th^  efforts  of  Chapman,  their  great  theoretical  cdhstFuotoc  of 
ships. '  The  Swedish  74  is  350  tons  less  in  vrmghtfota  b/^ 
tvhich  would  make  the  saving  just  asserted,  bein^^'li260/>t^l^ 
while  ours  are  1 600  tons  in  weight.  They  are  snfficientLy  stffQf^ 
to  stand  the  storms  of  the  Baltic  for  20  or  30  years^'^wilfeQ^I 
considerable  repairs,  and  carry  one-fifth  more  weight!  oCinugiCal. 
The  plan  of  floatation  is  larger,  and  the  midship-seOtionicaiiQir 
derablyless:  they  carry  more  sail,  so  that  most  probaUy;t£ljf 
sail  faster  by  two  knots  an  hour;  they  also  carry  ntoitsr-WiaUavi^ 
From  three  aifferent  authorities  of  unquestionable  vttrity^:fl  Aflt^ 
it  in  my  power  to  confirm  these  assertions  by  preseiltiog  ^ 
analysis  of  each.  1:  »»i  r'nt-m 

Chapman  will  be  of  immortal  memory  in  ship«buUdingi  uiRftUr 
baps,  next  to  Bouguer,  who  calculated  the  metacentrei  fandijfrat 
established  the  true  method  of  stability,  he  has  rendered  wost 
Kerviioa  to  naval  architecture.  He  had  not  th^  adwaiifiagi^t  ftf 
Mfly^-iiititiali^pi  into  ttiathematicg,  but  in  .iiiat&raiiifodfeChm|d^ 
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considerable  progress  in  them,  and  exercised  his  knowledge  with 
great  effect.  He  appears  to  have  applied  himself  with  much 
energy  to  the  study  of  the  formation  of  ships  by  observing  the 
effects  of  their  different  forms  aad  equipments,  after  a  Biinilar 
p)an  to  that  laid  down  in  this  article,  though  not  with  sach  great 
adrantages  as  improved  calculations  since  aiford,,.  nor  on  so 
ample'  a  field  for  observation  as  an  analysis  of  tbe  British  navy. 
Neither  did  Sweden  in  the  time  of  Chapman  produce  a.  corps  ilu 
genie  maratime  of  thirty  students  of  naval  architecture,  of  good 
mathematical  attainments,  and  who  have  been  devoted  to  the 
study  of  all  the  problems  of  tbe  theory,  as  well  as  being,  ac- 
quainted with  tbe  practice  of  ship-building. 

The  plan  is  equally  applicable  to  steam  vessels.  The  French 
have  already  done  this,  by  sending  a  naathematician-of  the  name 
of  Marastier  over  to  America,  in  1823,  who  has  given  the  ana- 
lyses of  above  100  steam  vessels,  with  a  theory  derivable  from 
them. 

The  knowledge  of  the  place  of  the  centime  of  gravity  of  thti 
^ip  and  its  contents,  is  of  the  greatest  consequence.  Most 
mathematicians  have  agreed  that  it  is  the  centre  of  Fotation  ina 
ahip.  Wit  bout  knowing  it,  the  stability  cannot  be  measured  in 
any  case.  It  has  not  been  found  in  this  country  on  more  than 
two  ships.  i3y  calculating  the  moments  of  the  weights  from  a 
horiaontal  plane,  and  dividing  by  the  whole  weigbt  of  the  ship, 
the  point  was  ascertained  on  the  Bulwark  and  on  the  Ajax,  at 
the  School  of  Naval  Architecture,  under  Dr.  Inman,  in  1817. 
It  was  found  to  be  at  four  feet  five  inches  from  tiie  ports  in  each 
case  nearly,  or  at  one  foot  seven  inches  above  tbe  channel  ser- 
vice water-line.  In  obtaining  the  point  in  this  way,  iKe  ohjeo- 
tion8are,.the  method  is  veiy  long,  and  the  specific  grivity  of 
wood'dtifering  at  sea,  from  absorption  and  exhalation,  itis  liable 
to  erfors.  The  vertical  moments  are,  however,  highly- useful  foe 
liore  than  one  purpose.  The  time  of  its  calculatioa  for  each 
ship'wns-two  persons  for  a  year  each,  besides  the  assistance -of 
labour  itt'  weighing  many  of  the  component  articles,  as  stores, 
bloclt&j&c. 

To  find  the.  point  at  any  period  of  a  ship's  service  without 
rei^ord  to  the  specific  circumstances  of  each  component  weighs 
iDHst  evidently  be  a  most  important  acquisition.  This  was  first 
proposed  to  be  dona  by  an  experiment  on  the  ship  itself  by 
Chfllpman,  the  eminent  Swedish  naval  architectj  in  17ya.  It 
ha6  not  been,  nndertaken  in  this  country  foranyahip,.  Chap- 
man's mode  of  ascertaining  the  point  has  two  objections  beloag- 
ingHo  itj  He  uap&the  metaceutre  as  amerasure  Of  stability  at  an 
fttigle  of8°or  U)?,  whicJi  is  decidedly  erroneous.  This  is,  hijwr- 
fevor,  easiiy.  corrected  by  substituting  Atwood'a  equation  of  eta- 
bilityfor  it,.  The  second  objection  is,  that  he  has  overlooked, 
sjptxwentlyri '  iiancltaB^e  of  .plac&  of,  the  centre  of  gravity  .of,  tb« 
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ship  by  moving  his  guns  on  one  side.  Tins  latter  ob«carity 
caused  Mr.  Charles  bonnycastley  late  of  the  School  of  Naval 
Architecture,  but  now  Professor  of  Natural  Philosophy ^at  Char- 
lotteville,  near  Washington,  Virginia,  United  States,  who  was 
the  best  mathematician  belonging  to  our  institution,  to  reject  the 
proposition  as  illegitimate  in  its  conclusions ;  and  he  bestowed 
considerable  time  m  endeavouring  to  find  it  experimentally  by 
other  means.  His  attempts  were,  however,  unsuccessfuL  The 
difficulty  is  here  obviated  by  finding  the  new  centre  of  gravity 
of  the  ship,  and  by  investigating  its  line  of  transfer^  we  are 
enabled  to  ascertain  the  point  in  the  upright  position  of  the 
masts. 

As  Chapman's  mode  is  performed  by  moving  the  gujis  and 
component  weights  of  the  ship,  some  naval  architects  have 
regretted  the  ii^convenience  of  the  method.  This  induced  me 
to  study  another  mode  of  effecting  it  by  inclining  the  ship  by  a 
horizontal  force  applied  to  the  masts,  by  which  the  weights  of 
the  ship  are  not  disturbed,  augmented,  or  diminished  :  it  is  here 
appended. 

For  the  resolution  of  the  problem  for  finding  the  centre  of 
gravity  of  the  ship,  by  mov- 
ing weights  horizontally,  let 
C  A  O  D  B  represent  the  bottom 
of  the  ship,  A  B  its  load  water- 
line  in  the  inclined  position, 
C  D  that  in  the  upright  one. 
Suppose  E  to  be  the  centre  of 
gravity  of  the  displacement,  G 
that  of  the  ship  :  let  M  be  the 
place  of  the  guns,  which  are 
transferred  to  JN,  in  a  direction 
at  right  angles  to  the  masts. 

Now  the  new  centres  of  gra- 
vity of  the  displacement  and 

ship  may  be  found  from  the  translations  of  the  parts  of  di^m, 
the  guns  and  newly  immersed  part,  which  latter  mus^  bf 
equal  to  the  emerged  part.  The  lines  of  transfer  are  parallel  with 
those  of  the  parts,  and  in  distance  they  are  inversely  as  the  weights. 
Suppose  Q  to  be  the  new  centre  of  gravity  of  trie  inclined  dis- 
placement, and  m  to  be  that  of  the  ship.  Join  Q  m,  aftd  produce 
It  to  the  plane  of  the  masts.  Now  since  the  ship  is  in  a  state 
of  quiescence,  Q  m  is  perpendicular  to  A  B.  i 

Draw  G  Z,  E  T,  parallel  to  A  B,  and  G  R  perpendicular  to  it. 
Then  put  V  for  the  whole  volume  displaced  Of  the  ship  in 
cubic  feet  of  sea  water;  A  for  that  of  the  immersed  part  by 
inclination,  in  the  same  measure;  x  for  E  O,  the  unknown  dist- 
ance ofO  from  E;  W  for  the  weight  of  guns  in  cubio  feet  of  sea 
wiuidri  <f  &r;M  N»  A  for  the  angle  gf  incUjoation.^  liiUi.&.fQ^  1^ 
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trtttwret  of  initoersed  part.    We  then  hare  Q  >«  t=  ^  and  G  Z 

■    I  1    ■  I  •        V     ;■'.•..  . 
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^^'ff*'M.    Q  Zift  also  equal  to  E  T  *-  ER 
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To  obtain  the  value  of  6,  A  and  V,  see  Atwood's  Stability.* 
The  other  mode  is  for  finding  the  centre  of  gravity  of  the  ship 
from  knowing  the  force  of  the  sails,  or  any  given  power,  witk 
its  placte  of  action  on  the  plane  of  the  masts.  It  may  be  also 
wfed  c6nversely.  Thus,  if  we  know  the  centre  of  granty  of  A4 
ship,  we  can  tell  the  inclining  power  of  the  sails  at  a  certain 
ibclination. 

Let  a  power  P,  measured  in  cu- 
bic feet  of  sea  water,  incline  the 
ship  a  known  height  from  the 
Centre  of  gravity  of  the  displace- 
ment, which  represent  by  a.  Let 
A  be  the  angle  of  inclination  of 
the  vessel,  G  the  centre  of  gravity 
of  the  ship,  E  that  of  the  displace- 
ment, Q  the  new  centre  of  gravity 
of  the  displacement.  Then  using 
the  same  notation  as  in  the  last 

GP  =  a-X;RT 

Draw  G  R 


proposition, 
or  G  Z  =  *-^  - 
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perpendicular  to  A  B,  and  PR 
parallel  to  it.  For  this  expres- 
sion of  stability,  see  Atwood*s 
disquisition  on  the  subject. 

Now  since  the  power  which  inclines  the  ship  is  equal  to  -tht 

buoyancy  of  stability,  the  vessel  being  at  rest,  P  .  a  —  x  .  sin.  A 
i*  equal  to  V  .  G  Z.    Or, 

V.GZ=:  P.GR  

V  .  -r^  —  J?  sin.  A  =  P  .  a  —  jc  .  sin.  A 

h  K  —  X  sin.  AV=:  Pa  sin  A—  V  x  sin.  A 
P  X  sin.  A  —  a:  sin.  A  V  =  P  a  sin.  A  — .  6  A 

X  .V  .  sin.  A  —  V  .  sin.  A  =  P  a  sin.  A  —  6  A^ 

Pa  sin.  A  —  ft  A 

■ »  X  as 

P  sin.  A  ^  V  sin.  A 

*  ,Xh9  theory  of  Stability,  which  consists  in  finding  the  ^stajwte  cS.i5n!&'s^'CL'di«««Aa»S. 
line  of  ^uoyancy  from  the  ceptre  of  gravity  of  tiie  shVo^  \»  oo^ei^?©  «J\teav%5S.^wc^^ 
'ifAh^ood,  in  a  disqumtidn  on  the  subject  in  Pba.  Ttan^.  \1^%,1? wi tV*    ^W^s:*^- 
tiga^m  applieg  exactly  to&iding  R  T,  which  i«  equil  to  (3t  2.  itoo^%* 
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The  foregoing  sketch  of  an  analysis  of  the  ships  of  the  navy, 
with  a  view  to  derive  from  it  a  body  of  experience  to  guide  the 
designs  of  his  Majesty's  ships,  includes  all  the  principal  elements 
of  a  ship's  comf^ition;^  There  is  no  new  calculation  introduced^ 
except  l)r.  Inman's  for  ascertaining  the  necessary  form  between 
wind  and  water  to  produce  transverse  motion  in  rolling,  and  the 
experiment  for  finding  the  centre  of  gravity  of  the  ship  and  con- 
tents. A  regard  has  been  had  to  making  the  comparisons  on  a 
gQiieral  f^nd  comprehensive  scale,  rather  than  on  a  minute  refer- 
ence''to' psflfiTid&larA;,  yhich  do  not  materially  affect  the  ship's 
qualities,  and  would  render  the  calculations  extremely  diffuse. 
At  a  more  Mtaiiced  period  of  the  science  of  naval  architecture 
in  this  c9fib)trj^;^.an;,^nalysis  more  refined  in  its  parts  may  be  used 
for  comparing jcaji^s  of  particular  interest,  when  the  principal 
limits  have  beG<^me  familiarly  known. 

The  m^nnfer  In  which  the  inductive  mode  of  philosophy  is  here 
applied  to  ^soert^  the  principles  of  ship-building,  from  its 
extreme  tofeyity,  is  more  imperfect  than  it  is  thought  the  project 
itself  is  (^piaiblg  of  being  shown  to  be.  In  a  future  article  some 
account  jiu^xperipiients  on  ships,  to  ascertain  the  relative  velocity 
of  the  sMjp^nd  wind,  and  the  centre  of  mean  resistance,  will  be 
given.     ^^;  ■ 

Our  n^vy  of  England  consists  of  600  ships  of  war,  of  which 
120  are  line-of-battle  ships.  Of  these^  about  two-thirds  may  be 
said  to  l^e  ^  good  conditioned  ships  for  sea."  The  extent  oithe 
calculations,  therefore,  appears  very  great  It  inust  be  remem- 
bered, however,  that  there  are  only  six  different  rates,  which 
have,  f(A^  the  inost  part,  the  same  masts,  rigging,  guns,  provi- 
sions, &e!#  5 vancl  that  in  some  cases  30  or  40  ships  are  built  from 
the  sam^driLught.  •  The  variations  are,  therefore,  not  so  great  as 
might  be/ilb^agmed.  Interpolations  may  also  be  used  that  will 
give  resiiJt^twilii  ^sufficient  nicety. 

The  liberality  which  the  Admiralty,  have  extended  to  the 
institutirf^  feH  which  I  have  the  honour  to  belongs  renders  obliga- 
tory evejyjpx^rtion  on  our  part  to  promote  tli^  object  of  their 
Lordshijw  r-m  the  improvement  of  the  nj^vy^^^nd  I  shall  be 
extremely;  happy  if  the  foregoing  disquisition  should  effect  it  in 
a  humbly  40gr0e. 
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Astronomical  Qbservationsy  1825. 
By  CoU  Beau%,  FRS^ 

Latituae51o  37'  ii'S'' North.    LoagHiiiA  Wea^ 

Observed  Transits  of  the  Moon  and  ]>Ioon-cnlminating  Stars  oyer  tbe  )i|UwUt^ue  of 

the  Transit  Instrument  in^dereal  '^m^-       <  J » ' .      *    y^-  ' 

1826.        Stars.  3>u^    ,,  .  „  ^  J 

Sept. 80.-X Sagitt ,....  18h.59',,26-6^'V   ..,-.     ', 

20.^Moon's  First  or  West  limb....  19  S6    fe^lf-^  '    '  '    ': 

8l.-/Sagitt j 19  4ft.l8«^n...i    iv^ 

21.— 57  Sagitt.. ..,.;..i,.;i.'19'  42    OS^Oft  (}  >i;,j    • 

2l.-|rSagrtt 19  48    P5;4fl,.   .rf 

21.— Moon's  First  or  West  Limb....  20  00    46W  ,    'V 

21— aCapric 20  09    «l-0d' 

v;       ;r=  21;— jgC^ric .^ .*.  20  11     14-S$^r 


■,  < 


I  > 


2|..^Cejric -.  20.  17  i?2:44 

2l.~^Capric ;...  20  18  60*07'  '' 

21 ^rCaj*^ 20  ^  SS*I6 

22— iftCaprie 20  11  14t^I 

22.— rCapric 20  29  33'55 

22.— .Aquaxii. -...  20  38  16M8 

"•  '        is.— ^5  Capi^d.  ...........:.....    20  41  0*r*04' 

■J^'    ^'     •      •     '      22.— JyoiActuarii 20  4^  17*28    -. 

-    !,       .    i  82.— SA^uarii 20  50  81-79 

2i.—Moon*s  First  or  West  limb....  20  51  27*15 

^     "'       "^  22.— y  Aquarii. 21  00  07-88 

:      «l         -      :'      22.-^14 A^uarii   w.. .......21  06  58-88 

iy<   ;:         '  |S2.— ^18  Aquariii.* 21  14  41*73 

,,,.,;  22.— c»  Gapric 21  35  44-89 

*  '    '  '  27.— rft»isdum 0  11  39-90 

?i   i!   w.  27.^\\OVisdvm ...^.....     0  39  17'23 

ii; '.    t.<;r    M  ,.  ,  87; — Moon  V.  Second  or  £a8t  limb.;. .     Q  44  44'i47 

27.— 75  Piscium ,....,*..     0  67  26^7 

21.— SPiscium..... :..     I  '02  2^-94'^' 

,±]    -I    i-.^i'-..;s8._75pisciam iO  OTtlifiMiJ   ^.ri'l 

-fi;jil'i'i  :..i.,i..:.  .■:28w-^tl.Pi8cittm .....:    1:.PV,  GQ-Aftmitji- 

,l.u\i    t,-   .,...:    28.Trn  P4scMim, 1.22,12-89 

'^^'      '        ;'  28.-10rpfaqum I  ^0' 31-b*^    ^    '."  ^' 

',<A    II.,;!       1      '  -28.— MobnV  Second  or  East  Limb  i..     1  SI  iS8-88liif^l»j(  a 

:i;  Ji  J>  ^ii  .*  .{.I'l' !88k-tT4. Arietiafc-.'. ..•• .•••.....•    1  88-  AJ'^nf^, )-, 

29.— 15Arieti8 2  01  OJ-Tl    , 

29.— e»Arietis 2  08  i29^5t''  "-^' 

'         29.— Moon's  Second  or  East  Limb. ..     2  80  14-54 

29 36Arietis 2  34  39-03 

29.— 40Arietis 2  38  49-24 

29 oArietis 2  46  04-27 

29.— SArietis 3  01  43-17 

Sept.  17,  Immersion  of  ^Ophiuchi    18h    39'    35"  Sidereal  Timt. 
Observatien  uncertain  to  three  seconds. 
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Article  III. 

On  some  Observations  by  Dr.  Brewster  in  the  fifth  Number  of 
the  Journal  of  Science,  concerning  the  Crystalline  Forms  of 
Sulphate  of  Potash.    By  H.  J.  Brooke,  FRS.  &c. 

(To  the  Editors  of  the  Annals  of  Philosophy,') 

GENTLEMEN,  OcU  15, 1885. 

It  is  only  within  the  last  week  that  I  have  seen  an  article 
relating  to  myself  in  the  fifth  Number  of  Dr.  Brewster's  Journal 
of  Science,  p.  147,  containing  insinuations  and  assertions  which 
are  wholly  unsupported  by  fact. 

The  article  in  question  is  one  of  those  which  Dr.  Brewster 
occasionally  inserts  under  the  title  of  '^  Decisions  on  disputed 
Ifiventions and  Discoveries*^ 

On  the  general  question  of  original  discovery,  we  may  borrow 
from  Dr.  Srewster  s  own  case  an  illustration  of  what  ought  or 
ought  not  to  be  regarded  as  such. 

Dr.  6.  either  did  or  did  not  pilfer  the  kaleidoscope  from 
Bradley^  If  he  did  not;  if,  during  the  industrious  and  extensive 
researches  to  which,  as  the  editor  of  an  Encyclopaedia,  we  may 
conceive  him  to  have  been  led,  he  did  not  happen  to  meet  with 
Bradley's  volume  before  he  discovered  the  principle  of  the  instru- 
ment himself;  and  if  on  this  ground  he  claims  the  merit  of  being 
an  original  discoverer  of  a  pnnciple  which  was  already  known ; 
it  would  in  him  be  no  more  than  an  exercise  of  common  candour 
to  concede  to  other  second  discoverers  an  equal  claim  to  origina- 
lity, except  indeed  in  those  instances  in  which  there  is  strong 
moral  presumption,  if  not  direct  evidence  of  plagiarism. 

The  article  I  have  alluded  to  is  the  following : — 

^  Our  minertlogical  readers  are  no  doubt  aware  of  the  bypyiamidal  iVmn  in  n^iieh 
sulphate  of  potash  often  crystaUises.  Count  Bournon  oonudered  this  the  prunitive  fonn 
of  ue  salt.  In  a  paper  in  the  Annah  of  Philogophy^  Mr.  Brooke  has  described  tl^ 
fbrm  of  the  salt,  and  shows  that  it  is  a  composite  form,  consisting  of  rhomboidal  pzisms 
eomhintd  in  Ike  manner  tohieh  he  has  represented  in  a  diagram. 

*'^  This  composite  form  had  been  discovered  long  before  by  the  agency  of  polarised  li^iti 
and  the  combination  distinctly  described  in  the  first  paper  of  No.  J.  of  the  Edinburgh 
Philosophical  Journal. 

*^  As  Mr,  Brooke  has  made  no  reference  whatever  to  that  paper,  it  mijgki  have  'hteti 
presumed  that,  he  had  not  read  it.  But  we  -find  that  he  has  actually  read  it  and  quoted  k 
in  his  lucubrations  on  tlie  structure  of  apophyllite,  with  which  he  has  favoured  the 

Jmblic ;  and  which  have  already  shared  the  same  fate  as  his  speculations  on  the  primitive 
(ftnn  cf  the  su2phato-tri..ca(foonate  of  lead."  '   ' ' 

.....  .  .  .  .i| 

,  BT.oyy .^le  insinjiation  which  this  article  is  intended  tp  piOi^yey^ 
.C(^i;ii4^f^as  it  does  among  the  notices  of  *'  disputed  discoveries^^' 
|J9, Jmiijtjt^lJiav©  assumed  the  credit  of  discovering  som^thi^g 
•hjd^  WM  jjiready  known,  and  had  been  previously  discovered 
T.  jBrewBteir.   ..  .'.,,.   .",. 


But  this  insinuation  is  unfounded.  It  is  not  true  that  Dr. 
Brewster  had,  as  he  aseerts  "  distinctly  described"  the  combn 
nation  in  question  in  the  paper  he  refers  to.  Nor,  unleaa  Dr. 
Brewster  has  learned  something  more  on  the  subject  ^Q<\$  b# 
wrote  that  paper,  does  he  even  now  understapd  bow  the  bypjro- 
midal  crystals  are  formed.  , ,         ; 

The  following  is  the  short  descripUon  I  gafe  of  this  selE  in 
the  Annals  of  Philosophif  for  January,'  1824  :-r-  i' 

Sulphate  of  Potttik. 
The  primary  fonn  of  tliU  salt  wu,  I  beli«(e,  fint  dUomuiMd  br  Uo  Jmtj  to  te  > 
nghl  rhombic  prism,  and  described  in  No.  30  of  the 

lUiral  Initituuon   Journal ;  but  probably  from  not  T^t-  !• 

poueumg  BuffideQtly  eipLiDBtiHy  crystali,  Mr.  Ia  ' 

W  not  pointed  out  the-  rclalian  of  itt  primarit  firm 
to  the  bi-pjirumidal  figure  under  wAicA  if  geatralln 

.   I  hme  been  >n*bkd  to  do  thig  in  ■  vary  aatii&e. 

lory  msmier  by  means  of  s  compound  crystal  vhidi  V^     {     »  ^-- 

I  have  obtained  from  lh«  aahition  of  a  portion  of  this  ^       ■. ! 

ndt  b  distilled  vatei. 

E^  ]  il  a  dagle  modified  cryMaL 

MonM' 190O  SC 

HonA ISO    43  ' 

«on 146    98  «^  „ 

Aonc..„. US    10  "fr*- 

cone" 118    80 

•  «n«' 131    18 

Fig.  8  is  the  compound  crystal,  which  condsts  of 
fliree  single  eiyetals,  eo  nnited  that  their  upper  edges 
meet  ■taiiKlWof'UO'>,atid  consequently  their  planes 
tf  junctim  indiae  to  each  athei  at  the  same  angle. 

.    AfonU'', lltP  aO' 

«on<" 130    S4 

There  is  not  in  this  brief  notice  any  attempt  to  set  niysetfup 
88  the  discoverer  of  the  composite  character  of  the  bypyramidal 
crystals.  On  the  contrary,  !  suppose  that  fhct alreftoyk«oi*tj» 
fepd  tbe  evident  object  of  the  notice  was  merely  to  point  but  (he 
precise  relation  of  tne  simple  to  the  compound  cryslai  whieh  bad 
not  to  my  knowledge  been  previously  ascertained.  ■  '  ■^ 

The  reason  why  1  did  not  refer  to  Dr.  Brewster's  paper  oh(he 
isame  subject  was,  that  i,  knew  it  to  be  incorrect  both  in  aea«ure- 
ment  and  description,  and  felt  at  that  time  no  particirtat  TDotiv^ 
tb  eiipose  these  inaccuracies,  nor  should  I  have  QOtltied  ttij^fd 
now  if  the  task  had  not  been  forced  upon  me  by  Dri  BrewstjBfc 
The  prisiiiatic  planes  which  commonly  appear  on  the  siD:^>le 
cryetals  of  this  salt  are  those  marked  c  and  r'in  fig.  1,  tne  fnliitttJ 
iaclinhtibn  of  which  is  112*20'  very  nearly,  but  accordi^to 
iJi'. '  BVfe'Tf stcr  it  is  114° — an  error  of  not  much  more  th&n  A 
'dtg^ee  mid  dHalf,  and  which  may,  perhaps,  ktot  be  ad  ua<;Hikii^DT| 
laeasure  of  Dr.  Brewster's  ordinary  pceoiaion.  '  "     ''■■'■'■. 


^       - ' '    iiir/  BfUbke's  Reply  M  'Dr'^Br^wOm'^'''^^-  pfW 

'  'iph'  Bre\>vster  also  supposes  these  planed  i  to  fenl^tii^  ti^nf  ih^ 
^iixgduXid  crystal,  whereas  it  is  evident  from  fig.  2/ tftjit  tW^ 
entirely  disappear  from  that  form.    The  measurem^t' 6f  tK& 
jlftnes'^  over  M,  in  the  bypyramidal  crystal^  is  1I2P  44^  ^ei^f 
neajfly,  instead  of  114®  as  quoted  by  Dr.  firewster.  "   •  ;  ^fl? 

Dir.  3rewster  also  alludes  in  his  paper  on  this  salt  tb  cty^t^ 
WitH  one  axi'sQXid  crystals  with  two  axes  of  double  reftactiort,-^ 
fact' which  seems  to  place  another  stumbling  block  in  the  Way 
of  Dr.  Brewater^s  optical  system,  and  which  affords  additiobsu^ 
eyideriiie  that  the  optical  characters  of  minerals  are  lijabltdl  tb^ 
modi&catlons  from  causes  not  yet  understood.  ':•■••"  ; 

I  ^ould  have  here  closed  my  observations  upon  the  article  quot;<rf 
^(boyeffom  Dr.  Brewster's  review,  had  not  the  Doctor  chosen 
to  iacic  to  its  tail  what  I  suppose  he  intended  for  its  sting— dii 
observation  dhoMtApophi/uite,  or  rather,  as  I  suppose  he  means, 
a'bbat  his  favourite  Tesseiite.  On  this  mineral,  as  I  have  shown 
else.i|i^here^  Dr.  Brewster  has  allowed  his  imagination  to  revel  to 
the  fop  of  its  bent;  and  whatever  may  be  the  fate  of  any  other 
of  Dr.  Brewster's  novel  speculations,  his  extraordinary  disco- 
very in  crystal  building  *  relative  to  this  imaginary  species,  is 
not  likely  to  have  any  other  claimant,  or  ever  to  find  its  way 
among  "  Decisions  on  disputed  Inventions."  It  will  remain  a 
memorial  of  the  great  extent  of  the  Doctor's  knowledge  of  nature, 
and  may  at  last  be  fortunate  enough  to  occupy  a  niche  in  the 
temple  of  Fame  as  a  companion  to  the  celebrated  optical  system 
of  Miss  Margaret  Macavoy. 

But  seriously,  for  really  these  sprightly  effusions  of  the  Doc- 
tor's pen,  in  wnich,  as  regards  myself,  he  has  indulged  himself 
wherever  an  opportunity  has  been  afforded  him,  scarcely  iherita 
serious  attention,  if  the  claim  of  Tesselite  to  be  ranked  as  a  is^pa- 
rate  species  had  any  real  foundation,  it  might  have  beerf  ex|H^fed; 
to  be  so 'distinguished  in  the  latest  work  on  mineralogy  fHrich^ 
has  heen  published  in  this  country,  I  mean  that  by  Dr.  B^eWil* 
ter^s  ;coadjutor,  Mr.  Haidinger.  --  '  '    '»  ■ 

Biit  the  observations  of  this  gentleman  on  Tes%elite,  ttltls^o^l^^ 
they  are,  perhaps,  calculated  to  soothe  the  froward  phHo^^hef/ 
do  fai3t'e6tnpromise  his  own  judgment  as  a  mineralogist;  ■■'■'• 

,  « .  The  following  extract  from  a  paper  by  Dr.  Brewster  in  the  Edinburgh  sP^^ilMOfhi- 
cal  Traiiskcticps  for  1823,  announces  the  discovery  here  allude^to :  - ' ' ' 

■■  ^\JFkei.l\iiitieiite  could  mi,"*  Dr.  Brewster  says,  *^  have  be.sn  formed  btftKe^uiUfUiy: 
pfo^99s  o/.crif9iiUU%ation,  but  that  a  foundation  appears  to  be  first  laifl  b^ft^ftOMc^^, 
uniform  homogeneous  plates^  the  primitive  form  of  which  is  pyramidal^  a  central  pifl 
whose  section  is  a  rectangular  lozenge,  then  rises  perpendicularly  frofk  t^e  Bake,  'Oj 
cansistt  of  similar  particles.    Round  this  pillar  are  placed  new  mttteruth;  'M  fA>>/v/ 
ofififfr  trgpe%oidatsotidsf  ■  the  primitive  form  of  whose  particles  i>  prtsi^al^i  .^M^f> j 
Aw^wU^lM  Unes  of  similar  properties  are  at  right  angles  to  eachother^  ,  ^{'k  '^f'il^ 
ffifti'ihin  Mh'dei'qUadrangular  by  ^e  application  of  four  triangular  prisriss' of  ilnuMat 
aeuteness,     ThdiH  Mne  saids  arranged  in  this  symmetrical  manner^  tmi-'jikkeii  ''bjfiwjMi^ 
sMff^i^iSfiBP^ifirfl^mg^^f  actions  of  a  foment^  are  iheuswtyiUmMAy^  mUxpn^ 
fimAofnmmarousfilms^  deposited  in  succession,  and  the  whole  of  this  singular  assem^ 
H/lg9itJintttlif  roofed  inky  a  plate  exactly  similar  to  that  which  formed  itsfQundatiotu'* 
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He  thus  disposes  of  the  mineral  in  question.  "  Dr.  Erewsterhas 
oh^^rved  that  in  certain  varieties  (of  apophyllite)  to  which  he  has 
gj^en  the  nanie  of  Tesselite,  the  phenomena  of  double  refiaction 
caunot  be  explained  upon  the  supposition  of  a  single  axis,  and  eyepi 
the  properties  of  the  mineral-are  not  uniformin  this  respect  through- 
out, the  wJiole  mass,  hut  that  it  appears  to  be  compoaed^of 
various  parts  acting  differently  upon  light.  It  will  depend  upfti)., 
a^/'«(u;'€, accurate  examination  of  the  crystalline  forms  ^n^  (jt^fi^, 
jtl^qperiies  of  this  substance  in  comparison  wili  these  ,ohseryf(- 
tiam,  whether  theif  will  concur  in  fixing  the  limit.^  of  the  species,^ 
or  whether  this  will  depend  solely  upon  the  optical  structure  oftte 

ThflS  theyVe  of  my  lucubrations  on  the  structure  of  apophyl- 
lite.  which,  it  will  be  recollected,  went  to  show  that  the  op.^ical 
characters  of  minerals  were  not  yet  sufficiently  underatood\()  l/^, 
i^ied  upon  for  the  discrimination  of  species,  is  their  distinijf^ 
igcognition  by  one  of  the  best  minergiogists  of  the  present  (liy,,|J 

~ .a  .10  io 

,  '-'.'  vii  '(■19V 
Article  IV.  "  ■'-■4-'  'ui; 

Uhliee  on  the  Temperature  of  the  Surface  Water  tftlie  Atlantiea 
it^ibserved  daring  a  Voi/age  to  and  from  Jamaica.  ByK.T. 
' ""    la  Beche,  Esq.  PliS.  &C. 

iyi-f}  ■■    (To  the  Editore  of  the  Aitiialsaf  Philosophy.) 

_  ,      GpNTLEMEN, 

^^Aly  principal  object  in  presenting  the  annexed  notice  of  tem- 
fi^rfttures  for  insertion  in  the  ^»;iaA  is  to  induce  some  of  the  many 
— TBjOns  who  so  often  traverse  the  Atlantic  to  and  from  our  West  lu- 
CflloM'es,  to  make  similar  observations  (than  which  uothiug 
can  be  more  easy)  respecting  the  temperature  of  the  surface  water 
^jltfiog  their  voyages,  as  we  can  only  arrive  at  any  thing,  Ijk?  a 
H^S^f^ctory  theory  on  this  subject  i'rom  accumulated,  oli^rvft;- 
iions,  made  at  diiferent  seasons  of  the  year,  and  in  vario,ua  part^. 
of  the,  Ocean. 

"The  following  observations  were  made  at  noon  each  d'ay,  th? 
it^mperature  of  the  surface  water  bemg  found  hy  plunging  a 
2&CTftif  meter  into  b  bucket  of  water  just  taken  from  the  sea,  and 
itj^tbf  the  air  bein^  ascertained  on  deck,  and  in  the  shad^, ' 

wCun-ents  must  of  course  have  considerable  influence  on.  tbe. 
temperature  of  the  surface  water,  for  instance,  itseemsprobablft 
tg^t  the  continuation  of  the  Gulf  Stream  raises  the'  temperattjl!^,' 
'(a.tbe  BDulhward  of  the  Great  Bank  of  ^Newfoundland.  „.,„„, 

-AS  it  ia  not,  however,  my  present  object  to  enter  more  feUV' 
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Ml  tlu#  Ml^est^'^  I  shall  content  myself  by  adding  .t}ve  foUpyr^^g 
B^t  of  temueratureg,  observed  during  my  voyiiges,  trusting  that 
they  may  be  found  useful  by  adding  a  few  facts  to  our  informa^ 
lion  respecting  the  surface  temperature  of  the  Atlantic. 

Observations  made  during  a  Voyage  fnm%  England  to  Jamaica^in^ 

the  Ship  Kingston.  ,„^^ 
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Article  V. 

•f . 

Onfke  Value  of  Leasee. 
(To  the  Editors  of  the  Annals  of  Fhilosophy.) 

GENTLKIHEN,  i 

The  following  cjuestion  being  one  of  very  frequent  occurrence, 
and  having  met  with  no  solution  of  it,  you  Vili  oblige  mei)y  thf 
ip^e^tipa  of  that  which  I  now  send. 

A  leasehold  estate,  after  deducting,  ground  rent^  produ^^ 
annually  a  clear  improved  rental  of  i^.    It  \^  xWe^^SAfc^^^erj 
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(n)  years  on  the  payment  of  a  fine  of  (6).  What  b  the  lease 
"worthy  considering  it  as  a  perpetuity  subject  to  the  ground  rent 
and  renewal  fines,  and  allowing  interest  at  r/>er  cent.  ? 

Solution. 
Let  R  =  the  amount  of  1/.  at  the  end  of  one  y^ar  at  r  per 

cent.;  then  will  „_.  be  the  present  value  of  an  annuity  (a) 
to  continue  for  (w)  years.    But  if  (m)  be  infinite,  then  will 

1  '       ■     i      ^ 

—  be  s=  Oj  and  the  present  value  of  a  perpetual  annuity  a.  will 

^^  Rinrv  ?     ' 

At  the  end  of  m  years,  the  amount  of  the  fines  and  the  inte* 
rest  thereon  will  be  6  x  R"  +  6  x  R"*—  +  6  x  R*-*-,  8tc. 
=  ft  X  (R~  +  R—  +  R— *;,  &c.)  =  F.  Let  p  represent 
the  number  of  times  n  is  contained  in  m  without  remainder,  and 

put  R*  +  R*—  +  R*-'* R*-"*  =  S.    Then  dividing 

this  equation  by  R"  we  have  R~—  +  R—'*  +  R*"'* 

R*"'"*"*"  =  ^;  and  by  subtracting  the  latter  equation  firom 
the  former,  R«  -  R—^n^  •  =  S  -  |;,  and  S  =  ^"•"^"^^1' 

.  F,  the  amount  of  the  fines  and  interest  thereon  will  therefore 

be,  =  o  X J ,  and  smee  1/.  present  money  is  equal 

^"  R^  .     

to  R*  to  be  paid  at  the  end  of  m  years,  R* :  1  ::  — '^ j : 


;    the   present  value    of  the  fines    = 


R-  B- 

==T =  J : .     But  if  m  be  infinite,  p 

R"  ^  R» 

will  be  so  too,  and  the  quantity  ■ being  infinitely 

iZpx  R'+'  • 

R» 

small  will  disappear  from  the  equation,  and r-  wiU   be  the 

*"r^ 
present  value  of  the  fines  on  a  perpetuity.    The  preM^t  vftlne  of 

the  lease  will,  therefore,  be  —-. p.  W.  B. 


*    -' 
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Article  VI. 


An  Outline  of  an  Attempt  at  the  Disposition  of  Mammalia  into 
Tribes  ana  FamilieSy  wiiK  a  List  of  the  Genera  apparently 
uppertdirdng  to  each  Tribe.    By  J.  E.  Gray,  Esq.  FGb.  8cc. 

(To  the  Editors  of  the  Annals  of  Philosophy,) 

.     '  GEJITLEMI^N,  BritUh  Museum. 

Although  popular  .curiosity  is  almost  exclusively  confine^ 
to'the  stddv  of  the  manners  of  this  clas»  of  ammalsi  ahetniaent 
zoologist  has  observed,  that  notwithstanding  the  anatomy  of  thej 
Mammalia  has  had  infinitely  more  attention  paid  to  it  ttianih^t 
of  all  the  rest  of  the  organized  creation  patrto^ber^itif^ltoo 
mitch  to  say  that  their  natural  arrangement  is  as  little -ci^^e ten 
lesa  known  than  that  of  any  other  part  of  zoology,      I;   >;  o     - 

Indeed  lUiger  and  Cuvier  are  the  only  zoologists,  sinc^'thoildflin^^ 
of  iinilseus,  who  have  paid  attention  to  the  classificatibnaf  Mat£f« 
malia.  The  arrangement  of  the  former  is  professedly"  artificml^* 
and  of  that  of  the  latter,  the  above  quoted  zoologist  has  Qb^f:ve(^. 
iJiat  ho  where  at  least  do  we  find  inconsistencies  so  conspicuous 
as  in  the  following  order  (quoting  that  of  Cuvier),  which  is  that 
nevertheless  of  me  most  learned  comparative  anatomist  id 
existence. 

I  have  found  the  orders  of  Linnaeus,  which  are  merely  %  para- 
phrase of  those  proposed  by  Ray,  to  be  exceedingly  natural,  and 
seVerliLof  my  families  have  been  established  as  orders  and  generft 
by  Cuvier  and  others.  In  the  following  sketch,  the  disposition 
is  more  noyel  than  the  families  themselves,  except  in  the  order 
GiireSf  where  I  have  attempted  (but  not  very  successfully  I  -am 
afraid),  to  re^modelthem  entirely,  and  to  divide  them  according  to 
their  general  habits.  In  so  doing  I  placed  the  genera  togetherj^ 
in  whatt  I  considered  natural  tribes,  and  then  threw  tliera" 
into  what  appeared  to  be  natural  groups,  and  hav<^  at- 
tempted to  find  out  some  chamcter  common  to  the  tribes  by 
whi^b  t^ese  groups  ipight  be  distinguished  ;  but  much  more  i^ 
wanting  to  be  known  respecting  the  genera  of  this  order* 

I  have  added  to  each  of  the  tribes  a  list  of  the  published 
g©Bt«t^?which.baye  come  to  my  knowledge,  with  the  name  of  the 
original  describer.* 

J).  Teelh  of  the  three  distinct  sorts,  and  forming  acon^tu^ 

Order  1. — Primates,  Lin. 
^THfe  tintisffof,  and  the  hinder  extremity,  with  a  distinct  aiid 

*  The  MammaKa  at  present  in^e  Museum  amounting  to  about  200.  species,  are  dis- 
posed, as  far  as  is.  consistent  wittf  their  being  well  seen  in  the  present  confined  space^ 
according  to  dm  fdlowing  arrangement. 

New  Series,  vol,  x.  z 


338  Mf»  Gray  en  Mammaliaf  [Not^ 

opposite  thumb ;  claws  flat,  small ;  grinderg  uniform,  tubercu* 
lar  ;  condyle  of  the  jaws  round ;  orbital  and  temporal  fossae  dis- 
tinct; penis  free,  penduldus ;  teats  pectoral. 

*  Anthropomorphous. 

Fam.  1.  HoMiNiD-E. 

Cutting  teeth  four  above  and  below ;  grinders  6-5  above  and 
below  ;  nostrils  separated  by  a  narrow  septum. 

tTail  none.  \,  Homininaf  Homo.  2.  Simiina.  Troglodytes, 
Ge(^.     Simia,  hin.   Hylobates,  Illiger.    ft  Tail  long  or  snort. 

3.  Presbytina.  Presbytes,  Eschi/.  4.  Cercopithecina,  Laeioj^^ga, 
lUig.  Cercopithecus,  iLin.  Cercocebus,  Geoff.  Macacus. 
5.  Cynocephalina.   Cynocephalus,  Brisson.    Papio^  Brisson. 

Fam.  2.  Sariguid-e. 

Grinders  5-5  in  each  jaw,  acutely  tubercular,  or  6-6  bluntly 
tubercular ;  nostrils  separated  by  a  broad  space ;  tail  long. 
South  America. 

fTail  end  naked.  1.  Mycetina.  Mycetes,  Illig.  2.  Atelina. 
A  teles,  Geoff.  Brachy  teles,  Spix.  Gastromargus,  Spix.  Lago- 
thrix,  Geoff.    ffTail  end  hairy.    3.  Callithricina*   Oebus,  ErxL 

4.  Saguinina.  Saguinus,  Lacep.  Nyctipithecus,  Spix.  Pithecit, 
Geo^.  Brachypus,  Spix*  5.  Harpalina.  Jacchus,  Gtoff. 
MicUis,  Geoff. 

^^Quadrupedoid. 

FflWl.  3.   LEMURIDiE. 

Grinders  6-6  above,  5-5  below ;  nostrils  terminal;  extreoaitiei 
tree  ;  first  finger  of  the  hind  feet  armed  with  recurved  clawi. 

fHead long;  grinders  blunt.  l.Lemuriva.  Lemur,Ltii.  2.jLi- 
ehanotina.  Indris,  Lacep.  Lichanotis,  Illig>  ttHead  round. 
8.  Loridina.  Loris,  Geoff.  Nyaticebus,  Geoff.  4.  Galagonina: 
Otolienus,  Illig.  Galago,  Adams.  Cheirogallus,  Geoff.  6.  Tur- 
iina,  Tarsius.    6.  Cheiromina.   Cheiromys,  Cuv. 

m 

Fam.  4.  GALEOPixHEcinjE. 

Grinders  6-6  above,  5-5  below,  acutely  tubercular ;  extremi* 
ties  and  tail  enveloped  in  a  hairy  skin ;  finger  short. 
Galeopithecus,  Pallas. 

Fam. 5.   VESPERTILlONIDiE. 

Grinders  various,  true  3-3  in  each  jaw  ;  tail,  limbs,  and  fineers, 
inclosed  in  thin,  naked  membranes,  fingers  very  long,  stretching 
the  membrane.  •      »ii 

fNose  leaved.     1.  Rhinolovhina.     M egaderma,  Gfeo^i.  .Rhi- 

nolophus,  Geoff.    Nycteris,  Geoff.     Mormoops,  Leach.   'Hftio- 

{>bilu8,  Leach.    2.  Pkyllostoniina.    Phyllostomua,  Ghff.    Mtxn- 

.  pyrus,'  (reoff.    Arctibetis,  Medateus,  and  MonophyMua^ljaE^cA. 

DipkyU^,  Spixt  -  Jliiittopoma  and  Glossophaga/  Gnt^^r^.ttNose 

Oeft».    -3.  Pteropina.     Pt«ropus,  Geoff^.     Cynopterus  and 
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Macroglossum,  F.  Cuv, .  Cephaloti^,  Ge^.  Haipyia,  Illig. 
4.  Nmtilionhia.  Noctilio,  Jdn.  Stisnpderma  and  Nyctinomus, 
Geoff.  Dysopes  and  Mol<vs5»u»,i  J?f  Ctti?.  6,  Vespertilionina,  Ves^ 
pertilio  and  Plecotus,  Geoff'.  Barbastellus^  Gray.  Proboscidea 
and  Thyroptera,  Spix.    C^land^  Leach. 

Order  Ih-^V^uM,  Lin. 

.  Thiuiib  of  the  fore  extreimtiefi  not  opposite ;  toes  clawed ; 
teats  ventj^ ;  penis  sheathed. 

-  ^Cutting  feetft;  six  above  and  below;  grinders  of  three  sorts. 

•        -  .  '  • 

Toes  only  applied  to  the  ground  in  walking.  Nose  scarcely 
mobile,  rounded. 

fNo  tubercular  grinders  in  the  lower  jaws.  L  Hyemncu 
Hyena,  Brisson,  Proteles,  Geoff.  2.  Felina.  Felis,  Lin, 
Lyncus,  Gray.  Prionodon,  iZbrs/.  ttTubercular  grinders  in  both 
jaws.  3.  Mustdina.  Putorius^  Zoriila,  and  Mephitis,  Cuv. 
Mustela,  Lin,  Lutra,  Ray.  4.  Viverrina.  Viverra,  Lin. 
Genetta,  Cmv.  Herpestes, ///ig.  Crossarchus,  JF'.Ciit;.  Suricata, 
Desm.  Paradoxurus,  F.  Cuv.  Ictides,  Vaknc.  5.  Canina. 
Canis,  Lin,    Fennecus,  Desm.     Lycaon,  Brookes. 

Fam.  2.  TJRSiDiE. 

The  soles  of  the  feet  bald,  cartilaginous,  applied  to  the  ground 
in  walking  ;  toes  5-6  often  armed  with  long  claws ;  nose  mobile, 
often  used  in  digging. 

^Tubercular  grmders,  2-2  above,  and  2-2  or  1-1  below.  1.  Vr^ 
sina.  Ursus,  Lf».  Danis,  Gray.  Prochilus, ///ip\  Helarctos, 
Hors.  Thalassarctos,  Gray^  2.  Procyonina.  Frocyon  and 
Nasua,  Storr.  ?Potos,  Geoff.  ++Tubercular  grinders  1-1  above 
ai^d  below.  3.  Gulonina.  Gulo,  Retz.  Gaiera,  Brown.  Gri- 
sonia,  Gray.  Mellivora,  Storr.  4.  Myadina.  Myadus, 
F.  Cuv.    5.  Taxina.    Meles,  Brisson. 

**  Cutting  teeth  various  (rarely  six  above  and  below) ;  grinders 
of  two  sorts,  false  and  tubercular. 

Fam.  3.  Talpidje. 

Cutting  teeth  distinct ;  grinders  acutely  tubercular;  legs  short 
for  walking  or  digging ;  no  nursing  pouch  nor  marsupial  bones. 
Allied  to  Vespertilionida. 

*Fore  feet  fit  for  digging.  1.  Talpina.  Talpa,  Lin.  S./GAry- 
sochlorina.  Gondylura, ;  llliger.  Chrysochloris  .and  ;  So^pg, 
Cuv.  ttFore  feet  for  walking.  3.  Soricina.  So^ex,;  L^'wt 
'Myi^d\&^Gu^.  4,  JUrinacina.  Erinacen^,;  Lift"  5«  J'enr^ci^a. 
Tenvetixs,. Lttcep.  b.lTupaina.  Tttpaia>  JK^e«,  ,  .^.z  •:  / 1.,. 
•  !•  ..Ji,/:j     .v>-tv'  .,i,,;.2i . 2.       ;. .-Kv •■■:=' i.     v'       <?/--■•'•■ 
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Fam.A,  DiDELPHiDiE.  ^  ;  ^j-\rt    ^   .w^^-  ' 

Cutting  teeth  distinct;  canine  sometuMs  ifvaiKti^g ; ^^inEBders 
acutely  tubercular;  thumb  of  hind  feet  mostly  distinct,  clawless ; 
nursing  pouch  and  marsupial  bones  distinct.; 

tCuttmg  teeth  six  above,  two  below.  1.  Macropina.  Macro- 
pus,  Shaw.  Halmatunis,  IlHger.  Potorous,  Desm.  '  2,  Pkamn" 
gistina,  Acrobata,  Desm.  Petaurus,  F.  'Citv.  Phalkn^ife'tt,  diiii 
Balantia,  Illiger.1  Phascolaretus,  piainv.  'H<]Iuttiri]g''tfetfth 
not  six  above,  and  two  below.  3.  Phascolontina.  PhasidmcrfriVi, 
Illiger.  4.  Didelphina.  Didelphis,  Litt,  Cheirorteci^ylUlger. 
6.  Dasyuriiia,  Peracyon,  Gray^  Dasyurus,  IlHger.'  Pbtesriin 
gale,  lem.    6.  Peramelhia.    Perameles  and  Isodon,  Geoffl, 

JFflfm.  5.  Phocidje. 

Cutting  teeth  six  or  four  above,  four  or  two  below ;  cemne 
teeth  distinct;  grinders  tubercular,  or  truncated;  limba-sbort, 
fin-shaped,  hinder  ones  horizontal ;  nostrils  operculated.       -     ' 

tGrinders  many  rooted  ;  ears  none ;  nose  simple.  3>  StenO' 
rhyncina.  Pela^ios,  F.Cuv.  Stenorhyncus,  F.Cuv,  2..Pkocina, 
Phoca.  tt(Grmders  roots  simple,  or  divided,  and  witli  eafs 
distinct.)  3,  Enhydrina.  Enhydra,  F/fiw.  4.  Otariinai  Otm^ 
Peron,  Platyrhynchus,  F.Cuv.  5.  Stemmotopina.  Stemmoto- 
pus  and  Macrorhinus,  JP.  C%tv,  » 

I  2.  I'eeth  not  of  three  sorts,  or  not  forming  a  continuous  seriei* 

Order  III, — Cetje,  Lin. 

Teeth  none,  or  all  similar,  conical ;  body,  fish-shapedy.  iie^rlv 
bald;  limbs  fin-shaped,  hinder  sometimes  forming  a 'horizontal 

tail.        ^  ^  ..'.'.;'  ..V;'-' 

^Skin  smooth,  without  any  hair  or  whiskers^ 

Fam.  1.  Baljenid-e. 

Head  very  large,  one-third  the  length  of  the  body,  1 .  Bala» 
nina.  Balaena,  Willoughby.  Balaenoptera,  Lacep.  2.  P/^yse- 
terina.     Physalus,  Lacep.    Physeter,  L/y?.     Catodon/£^.  v 

Fam.  2,  Delphinid^.  -^ii;     m?. 

Head  small  or  moderate ;  body  long;  blowerii  united.'^  !■•  Jirf- 
phinina.  Delphinus,  Lin.  Delphinorhyncus,  Blaitivi  5.  Pboda- 
nina,  Phocsena,  Cuv.  Delphinapterus,  Lacep.  Heterodoo, 
Blainv,     Monodon,  X///.  ^  f;Tj!«.)i 

**Skin  rather  hairy,  whiskers  distinct ;  grinders Jiat^topp^^i^ 
Fam.  3.  Trichechid^.  .  ,  ^     .^^ 

Body  oblong;  hind  feet,  rather  prominent, cliSLwirrtlMl?^^! 

separate ;  canine  upper,  very  long  exserted. 

.    Trichecus,  L«Vi.  i     ,   ^^.,;^ 

.      JPam.  4.   MaMATIDjE.  ■  .       •>J":-;i;.!H>l> 

I'l'lt    -i  r. '♦  ■■ 
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Fam.  5.  Halicoridje. 
Halicora,  I/%er?  rStellerus,  Cuv. 

Orderly. — Glires,  Lin. 

Teeth,  cutting,  two  in  each  jaw,  large,  strong,  separated  from 
the  grinders  by  a  space ;  canine  teeth  none ;  condyles  of  the 
jaws  longitudinal ;  orbital  and  temporal  fossae  united ;  toes  dis- 
tinct, with  small  conical  claws  ;  thumb  sometimes  rudimentary. 

(p^^eedingly  difficult  to  arrange :  the  following  is  only  an 
att4$i^pt  according  to  their  habits.]^ 

*Fur  with  scattered  larger  hairs  or  spines ;  tail  spiny  or  scaly. 

Fam.  1.  MuRiD^. 

Cutting  teeth  two  in  each  jaw,  lower,  awl-shaped  ;  grinders 
simple  or  compound,  upper  shelving  backward,  lower  forwards ; 
limbs  proportionate  ;  tail  scaly ;  fur  with  scattered  longer  hairs, 
or  flat  spines ;  clavicles  distinct. 

^Grinders  rooted,  simple.  1 .  Murina,  Mus,  Lm.  Otomys, 
jF.  Cuv.  Capromys,  Desm,  2.  Hydromina,  Hydromys,  Geoff* 
ff  Grinders  /  rootless,  compound.  3.  Ondatrina,  Ondatra. 
4.  Castorina.  Castor,  Lin.  Osteopera,  Harlan.  6.  Echy^ 
mina.  Echymys,  Geoff.  Heteromys,  Desm.  Saccomys,  jF. 
Cuv. 

Fam.  2.  HisTRiciDiE. 

Cutting  teeth  two  in  each  jaw,  lower,  truncated ;  grinders  4-4 
in  each  jaw,  rooted,  compound ;  tongue  and  body  covered  with 
spines ;  clavicles  none. 

fTail  short.  1.  Histrix,  Lin.  2.  Acanthia.  ffTail  elon- 
gated.   3.  Erythizon.    4.  Spygurus.    5.  Simthurus,  F,  Cuii. 

^^Fur  nearly  equally  soft ;  tail  none,  or  hairy. 

Fam.  3.  Leporidje. 

Cutting  teeth  two  in  each  jaw,  or  four  in  the  upper  one,  lower 
one  subsubulate;  grinders  numerous,  rootless;  ears  generally 
large ;  tongue  often  hairy ;  eyes  large ;  clavicles  none  ;  fore  feet 
s|iort ;  hinder  ones  long ;  tail  none,  or  very  short,  hairy ;  fur 
soft. 

^Cutting  teeth  four  above.  1.  Leporina.  Lepus.  ?  LagO' 
mina.  Lagomys.  f+Cutting  teeth  two  above.  3.  Caviina, 
Cavia,  Lin.  Kerodon,  F.Cuv.  ^.  Hydrocharina.  Hydrocharus, 
Brisson.  6.  Dasyporcina.  Cselogenys,  Illig.  Dasyporca,  lUig. 
Uolichotis,  Desm. 

.      :         f 

Fam.4.  Ierboid^. 

Cutting  teeth  two  in  each  jaw ;  grinders  simple,  or  compound, 
rooted;  ears  moderate;  eyes  large,  prominent;  clavicles  dis- 
tinct ;  fore  feet  short  (used  as  hands) ;  hind  feet  very  long ;  tail 
long,  hairy>  uised  in  leaping  or  walkvug\  i\xt  ^^l^* 
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t Grinders  compound  or  rootless,  l^  Pedestind^  Pedesies^ 
Illig.  2.  Dipiiia.  Bipus,  Schreb.  Meriones,  2^.  Ci«?*  Aot  Jfli^er. 
f  fGrinders  simple^  roots  divided ;  legs  nearly  equal.  3.  ix€ri)il' 
Una.  GerbilluSy  Desm^  4.  Myoxina.  Myoxus^  Gmelin. 
6.  Sciurina.  Sciuropterus,  F.  Cuv.  Pterom;^,  Cuv.  Macroxus, 
jF.  Cu^.  Sciurns,  Lin,  Tamia,  Illiger,  The  latter  genus  is 
very  closely  allied  to  Arctomina. 

Fam.5.  Aspalacida. 

Cutting  teeth  two  in  each  jaw,  lower  chisel,  or  awj-shaped, 
often  yery  much  exposed ;  grinders  compound  or  simple,  rarely 
rootless ;  ears  and  eyes  often  very  small,  sometimes  hid;  clavicles 
strong;  limbs  proportionate;  tail  none,  or  hairy,  cylindrical; 
fur  very  soft. 

+1.  Aspalacina,  Orycterus,  F.  Cuv.  Bathyergus,  Illiger. 
Aspalax,  Oliv.  2.  Lemnina.  Arvicola,  Lacep.  Sigmodon, 
Soj/t  Neotoma,  Say.  Lemnus,  Lin.  ++3.  Crtcetina,  Crice- 
tus,  Lacep.  4.  Pseudotomina.  Pseudotoma,  Say,  Diplostoma 
and  Georays,  Raff.  5.  Arctomina.  Arctomys,  GmeL  Spermo- 
philus,  J*".  Cuv. 

Order  V.. — Uj^gulata,  Ray.    Bruta,  Pecora,  and  Bellu»,L?ii, 

Teeth  irregular ;  cutting  and  canine  teeth  often  wanting  in  one 
or  both  jaws ;  grinders  all  similar,  sometimes  wanting ;  toes 
large,  covered  with  hoofs  or  large  conical  claws, 

*Two  middle  toes  large,  eqval;  bones  of  the  metacarpus  andmetor 
tarsus  united. 

Fam.  1.  BoviD^. 

Two  middle  toes  separate  ;  cutting  teeth  eight  below ;  upper 
jaw  callous  ;  grinders  6-6  in  each  jaw ;  frontal  bones  with  horns ; 

fullet  with  two  large  pouches  just  before  the  stomach,  used  for 
olding  and  soaking  the  food  before  it  is  chewed ;  using  their 
head  and  horns  in  defence. 

tHorns  persistent.  \.  Bovijia.  Bos,  L/w.  Ovis,  L/w.  Capra, 
Lin.  Antilocapra,  Ord.  Antilope,  Brisson.  Catoblepas,  Gray, 
Med. Rep.  The  nostrils  of  this  genus  are  very  peculiar,  being  very 
large,  and  exactly  covered  with  a  moveable  lid.  2.  Cameiopar- 
dina.     Camelopardalis,  Lin. 

ttHorns  none,  or  deciduous.  3.  Camelina.  Camelus,  Lin. 
Auchenia,  Illiger.  4.  Moschina.  Moschus,  Lin.  Memina, 
Gray,  M.  R.  5.  Cervina.  Muntjaccus,  Gray.  Coassus  and 
Capreolus,  Gesner.  Axis,  Blainv.  Cervus,  Lin.  Dama,  Gesner. 
Tarandus,  Pliny.     Alus,  Pliny. 

Fam.2.  Equid^. 

Two  middle  toes  soldered  in  one ;  cutting  teeth  six  in  each  jaw ; 
canine  teeth  one  in  each  jaw;  gullet  and  stomach  simple :  using 
4ie  hind  feet  in  defence. 

""  '"lotf^  Lin.   Asians,  Gra^. 
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**To€s3,^,or6,to  each  foot,  nedrly  equal;  teethnearlyinone  series. 

Fa7nl3.   ELEPHANTIDiE. 

Grinders  rooted,  transversely  ridged ;  toes  3-3,  3-4,  or  5-5  ; 
last  joint  covered  with  a  hoof;  skin  thick,  nearly  naked  ;  hairs 
large,  vidg^d  ;  gullet  simple. 

ifNose  exteiiraed  into  a  trunk*  1.  Elephantina.  Elephas, 
Lin.  Mastodon,  Cuv»  2.  Tapirina.  Tapirus,  Briss.  Lophio- 
don  and  Paleotherium,  Cuv.  t+Nose  not  produced  into  a 
trunk.  3.  Rhinocerina.  Rhinoceros,  lAn.  Hyrax,  Herman. 
(alliefdto  Caviina.)  Lipura^nd  ElasmotHerium,  Fischer, 1  Ano» 
plotherium,  Xyphodon,Dolichotuna,  Adapis,  Anthacotherium  and 
Chaeropotamus,  Cuv»  (all  very  much  allied  to  Suina).  4.  Suina. 
Sus.  Ltn.  Babi^dUssa,  Phascochajrus,  jF.  Cuv.  Dicotyles,  Cwv. 
5.  Hippopotamina.    Hippopotamus,  Lin.  (allied  to  Halicoridie?) 

Fam.4.  DasYpida. 

Grinders  rootless,  crown  flat,  sometimes  entirely  wanting; 
face  long,  acute ;  mouth  mostly  very  small ;  body  armed  with 
scales  or  ridged  hairs. 

fBody  covered  with  scales  and  armour,  revolute.  1.  Manina. 
Manis^  jLin.  2.  Dasypina.  Tylopeutes,  Il/iger.  Priodon,  F.  Cuv. 
not  Horsf.  Da^ypus,  Lin.  Chlamyphorus,  Hartan.  ft^ody 
hairy  or  spinous,  not  convolute.  3.  Orycteropina.  Orycteropus, 
Geoff.  4.  Myrmecophagina.  Myrmecophagus,  Lin.  Taman- 
dua.  Gray,  JVLR*  Cyclothurus,  Gray.  6.  Ornithoryncina. 
Echidna,  Cuv.    Ornithorhyncus,  Blum. 

Fam.  o.  Bradypid^. 

Grinders  rootless,  cylindrical ;  crown,  when  young,  conical ; 
tail  |X)und ;  neck  short ;  limbs  very  long  ;  teats  pectoral ;  hair, 
dry,  crisp ;  stomach  two  or  three  celled  (allied  to  Lorida  in  habits). 

Bradypus,  Lin.  Cholaepus,  Illiger.  Megatherium,  Ciiv. 
Megalonix,  Jefferson. 

1  have  placed  Glires  between  Cette  and  Ungulatath?it  the  orders 
of  matomalJa  and  birds  shoiild  be  parallel  in  analogy;  and  also 
because  bpth  orders  have  apparently  a  nearly  equal  aflSnityto  the 
Primates  by  the  genera  Bradypus  in  one,  and  Cheiromys  in 
the  other;  but  the  affinity  o(  Hippopotamus  to  some  of  the  Cetiz 
is  much  more  apparent  than  any  affinity  that  I  am  able  to  dis- 
cover between  any  of  the  Glires  and  the  latter.  The  Glires  and 
t\i^  Ungulata  are  allied  by  means  of  the  genera  Hydrocharus 
and  Hyrax. 
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Th^  MtoWitlg^^neid  will' exhibit  the  mEnner  in  which  the 
otd^rB  appear  to  be  connected  togethefrt-*--  ■'  '    - 

'   •  '   .  Tifpkai Groupt,  .       .-.  uittntc^tGroufh   v     «_ 

'-♦ '  J^inyl.  Hominid«.  3.  LemundaB^'      t; 

'^''     '    -   •St  Sariguidoe^  4.  Ghdeopithecid».  i  !,/ 

;>  ■'  •  5.  VespertilionidaeiL     •  • ' 

.      ,  Orderll. — pEBiE.      '  .  '      \"*  . 

'  i'ffin.  1.  Felid^.  3,  TalpidsB.      .-.  ,', 

i  :!..!'   !2..Ursidtt.  4.  Didelphid«#        .,    ],, 

/;i<>    ..-  .  6,  Phocidse»  ,    -'^ 

■•■■•""•"■•■  Orrfer  III.-CETiE.  ■  ■  ■  '  ^'■.'' 

Tp^ical  Groups,  Annectant  Groupsi  . 

-].  ,iF^p?i.,l*;  Balsenidae,  6.  Trichechidee. 

Til  .ii'  !      .i2.  Delphinidee,  *        4.? ManatidsB. 

.,  .  6.? Halicoridse. 

^'"  Orr/er  I  v.— Glires. 

r 

HistricidsB .  Leporidae. 

MuridsB.  lerboid®. 

Aspalacidae. 

V  I  am  uncertain  which  are  the  typical  famtilies  of  this  order. 

Order  V. — Ungulata. 

Fam.  1.  Bovidae.  3.  Elephantidse. 

2.  Equid«.  4.  Dasypidae* 

5.  Bradypidse. 


-'I;  •.':.//;.    ■■.  ■  .    ■    ■  i   •    ■■  i:; 
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QiltM  Influence  of  Solar  Light  on  the  Process  ofCoTnbiis&on. 

.[],.,    I'.i.,,.        ..     By  Thomas  M'Keever,  MD.  •...."  .'j",j- ■ 

(To  the  Editors  of  the  Annals  of  Philosophy.) 

•■  .-i  .'■.-■'  ■  * 

GENTLEMEN, 

There  is  an  opinion  prevalent  in  this,  and  I  have  reason  to 
.  believeja  other  countries,  that  the  sun's  rays,  or  even  the  ordi- 
nary light  of  day,  when  admitted  freely  into  an  ^partm^nt  in 
which  a  common  fire  is  burning,  have  the  power  either  of  dulling 
^XfiftA'sifebly^  or  should  the  combustion  be  going  on  languidly, 
^  itfi  ritQgetbev  effecting  its  extinction.    Hence  it  is  a  common 
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practice! to  pla<j^^i5i»(ei?&if)fi#ffifef^fe  Jl^iii^^J^^   tfe$.|fij|e-^lace, 
or  to  close  the  shutte£a<Qi£,r|he^a^menlf<iii  <^d^>^  as 

much  as  possible  the  access  of  light  to^the  burning  materials. 
I  was  for  a  long  tim^  ita^fessed  \vit^  me  belief  that  this  was 
merely  a^pieefe  of  pojnilar  prejudice,  for  which  tbere^lxisted  no 
rational  foundation  wJkatbver,  or  that  atfuvth^slj  tte  app^^tnces 
might  betowilig  ;to  \ke  r^ina  having  bec(HaleIe9«r  deniable  to  the 
comparatively -feeWe  rays  emitted  by  a  body  in  a  low  state  of 
combustion  while  already  under  the  influence  of  a  stronger  light* 
But  as  opinions  so  generally  entertained  usually  rest  more  or  less 
on  observation  and  experience,  the  best  souiices  fof  Jevid^dice  in 
all  such  cases  ;  and  as  I  was  unable  to  procure  ariy  Information 
whatever  on  thfe  siibject  from  the  several  works  on  chemistry 
which  1  have  had  an  opportunity  of  cignsulting,  I  was  induced, 
during  the  late  summer,  when  we  had  such  an  unusual  succes- 
sion of  steady  sunshine,  to  make  the  followitig  e^b^k-fments. 

Exper.  l.—i'Tv^^  portions  of  green  wa«  tdp^f  ^adi^Ai^hing^ 
ten  grains,  were  both  ignited  at  the  same  moteieBti;  &e  of  them 
I  placed  in  a  darkened  room,  the  other  1  exposed  to  broad  sun- 
shine in  the  open  air:  thermometer  in  sun  78°  Fahr. ;  in  room 
67°;  loss  as  follows :  + 


J 1 


In  five  minutes  that  placed  in  sunshine  lost.  >  ^'^ . . .  84  grs. 

-  darkened  room  lost  •  •  9-j; 

Uitjpfer.' 2.-i-Two  portions  of  taper,  efe^h  weighing  23i>grains, 
were  placed  under  similar  circumstapices,  as  in  the  former  expe- 
riment. 


/. 


In  seven  minutes  that  placed  in  sunshine  l03t .  ^ . . .  16  grs. 

darkened  room  lost  1 1 

We  here  see,  notwithstanding  the  higher  temperature  to  which 
the  taper  in  sunshine  was  exposed,  which,  must  of  course  have 
favoured  the  hquefaction  of  the  wax,  and  consequently  its  ascent 
in  the  wick,  that  during  the  short  period  of  seven  minutes,  there 
was  a  difference  of  loss  amounting  to  not  less  than  one  grain. 

jSirjperi  3.---A  common  mould  candle,  foiiH;\5etiMli?ehfes*  in 
length  and  three  in  circumference,  was  accurately  divided  into 
inches,  half-inches,  and  eighths,  and  exposed  in  the  first  instance 
to  strong  sunshine  :  thermometer  80°  Fahr. ;  atmosphere  remark- 
ably calm. 

.  *  Hence  it  is  that  the  strongest  light  appears  to  produce  the  deepest  shadow.  A  total 
eclipse  of  the  sun  occasions  a  more  sensible  darkness  than  midnight,  being  more  imjxie- 
diately  contrasted  with  the  strong  l^ht  of  noon-day. 

*)-  I  should  mention  that  in  all  3iese  experiments  the  snufF  was  carefully  removed 
with  a  sharp  scissars,  whenever  a  quarter  of  an  inch  of  taper  was  consumed.  This  was 
obviously  necessary  as  the  length  of  the  suuff  is  known  to  influence  materially  the  rate  of 
combustion. 
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To  cdnsnme  one  inch  it  took .  •••.....  69'     C 

/   In'datkened  room  (temp.  68°  F.) 66      0 

•     In  oirdinairy  light  of  day  (temp.  68°  F.)  4 .  67     10 

Earner.  4.-rrA  piece  of  taper^  seven  inches  in  lengthy  an4  sijf- 
eighios  qf  .an  inch  in  circumference,  was  carefully  divided  into 
in,4^1?ies,  and,  as  in  former  experiment,  submitted  to  brigb^t  sfun-, 
smaQ.:  thermometer  79°. 

'To  consume  one  inch  it  took 5'     0" 

TrSiiisfeited  to  darkened  room  (temp.  67°)  4i-    0 
1ft  ordinary  light  of  day  (temp.  67°)  ....  4    62 

E$:per^  d.^-^-In  order  to  vary  the  experiment,  and  to  guard  as 
much  as  possible  against  the  agitation  of  the  surrounding  atmo-^ 
spheiie,  I  procured  two  lanterns ;  one  of  them  I  coated  with, 
black  paint ;  the  other  I  left  naked.  In  these  I  placed  two 
portions  of  taper,  of  precisely  equal  weights,  and  exposed  them 
DOtb  to-  a  strong  glare  of  sunshine. 

lii  10  ininuies  that  f  laced  in  painted  lantern  lost . .  164^  grs. 

that  placed  in  uncoated  lantern  lost.  16* 

JEa7>er.  6.— With  the  view  of  ascertaining  whether  similar 
results  were  to  be  obtained  by  exposure  to  the  light  of  the  moon, 
I  prepared  the  lanterns  as  in  the  last  experiment,  and  took  an 
opportunity  lately  when  this  luminary  shone  forth  with  peculiar 
splendour,  of  trying  its  effects ;  but  although  I  employed  an 
exceedingly  delicate  balance  for  the  purpose,  I  could  detect  no 
difference  whatever  in  the  loss  sustained  by  the  two  portions  of 
taper. 

After  I  had  made  these  experiments,  I  naturally  turned  my 
attention  to  an  explanation  of  the  principles  on  which  results  0  f 
so  singular  a  nature  could  depend ;  and  it  occurred  to  me  that 
they  probably  were  owing  to  the  well-known  decomposing 
power  possessed  by  the  solar  rays,  in  consequence  of  which  the 
shell  of  air  that  immediately  encircles  a  particle  of  matter  abput 
to  enter  into  combustion,  is  deprived,  to  a  certain  extent,  of  its 
oxygenous  principle,  and  is  thus  rendered  less  fitted  for  the 
maintenance  of  this  important  process.f  Thus  in  order  to  nar- 
row and  simpUfy  the  matter,  let  us  suppose  that  one  atom  of 
carbon  is  about  to  enter  into  combination  with  two  atoms  of 
oxygen,  we  can  readily  conceive  that  the  chemical  rays  may 
possess  the  power  of  withdrawing  one  of  those  atoms  from  the 

• 

•  The  diminished  rate  of  consumption  in  this  experiment  was  probably  owing  to  the 
want  of  a  free  current  of  air  through  the  interior  of  the  lantern. 

f  That  on  affinity  or  attraction  is  exerted  between  light  and  the  partides  of  bodies 
iosay  be  justly  inferred  from  the  sreat  refractive  power  of  inflammable  bodies,  which,  all 
Other  thmgt  being  equal,  must  oe  supposed  to  attract  light  more  powerfully' than  other 
■nbitaaoes.—- (See  Em  on  Atmospheric  Air,  p.  1 67.) 


sphere  of  action,  and  thus  offer  considerable,  iresistanee  to  the 
chemical  union  of  the  two  elements.  Further  it  mayibe  sup- 
posed,  that  when  combustion! has  become  very  brisk^  (is  it  is 
termed,  the  attraction  between  the  combustible  material  and  the 
oxygen  shall  have  bdcbbie  so  energetic  as  to  suspend  or  altoge- 
ther to  overcome  the  d^o^tidizing  power  of  the  sun^s  rays.  N^, 
that  those  very  rays  which,  at  a  lests  elevated  temperattire,  ha'd 
but  a  few  moments  before  retarded  the  process,  may  now  coiit^i^ 
bute  materially  to  its  acceleration.  In  this  respect  we  merely 
assign  to  them  a  property  equivalent  to  that  unquestionably 

fossessed  by  the  calorific  rays  under  particular  circumstances, 
n  several  instances  these  last  mentioned  rays  have  the  power, 
when  of  a  certain  degree  of  intensity,  of  causing  thd  union 'of 
several  basefs  with  oAygen,  while  at  a  inore  elevated  rangfe  off 
temperature,  they  will  have  the  effect  of  occasioning  their  totaV 
disseverfttion.    Perhaps  the  red  oxide  of  mercury  affords  us  bii^^ 
of  the  most  recbarkable  and  satisfactory  instances  of  this  circtttn.*' 
stance.    At  the  temperature  of  600°,  mercury  will  cothbine  witfr' 
about  8  per  cent,  of  oxygen,  forming  an  acrid  caustic  substapce 
consisting  of  brilliant^  sparkling,  deep  red  scales;  but  if  the  heat 
be  raised  even  a  few  degrees  beyond  this,  so  far  from  combin- 
ing with  a  still  further  proportion  of  oxygen,  the  whole  of  this' 
principle  is  released  from  its  combination,  and  the  metal  returns, 
to  its  original  state  of  fluidity. 

As  the  solar  rays  are  now  ascertained  to  consist  of  three  dis- 
tinct species  of  radiant  matter  J  namely,  those  that  impart  heat,| 
those  that  impart  hght,  and  the  chemically  acting  rays,  it 
appeared  to  me  that  the  best  mode  of  putting  tbe  conjecture  I 
have  ventured  to  advance  to  the  test  of  experiment  would  be  to 
try  whether  any  difference  could  be  detected  in  the  loss  sustained 
by  a  lighted  taper  when  exposed  to  the  several  portions  of  the 
solar  spectrum.  Accordingly  I  constructed  an  apparatus  similar 
to  that  described  by  Dr.  Herschell  in  his  interesting  researched  t 
on  *'the  Power  of  the  Prismatic  Colours  to  heat  and  Ulufninate 
OhjectSy'  consisting  of  a  frame  A  B  moveable  on  two  centifes^ 
into  which  I  inserted  a  piece  of  pasteboard  C  D,  having  an  openr 
ing  in  it  m  n  of  suflBcient  size  to  allow  the  whple  extent  of  orm 
of  the  prismatic  colours  to  pass  through.  f     ;  , 


'■  1 '  1 1  r  -    ;\ .  i 
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I  then  placed  a  prism  moveable  on  its  axis  before  an  opeaing 
in  the  window  shutter,  so  that  the  sun's  rays  should  fall  on  it  at 
right  angles,  and  having  got  the  spectrum  stationary  on  the 
pasteboard,  I  allowed  the  rays  of  one  colour  only  to  pass  at  a 
time,  A  piece  of  green  taper,  accurately  marked  after  the  usual 
manner,  was  now  ignited,  and  submitted  to  ditferent  portions  of 
the  spectrum  with  the  following  results  : 


Tocc 


inches  of  t^a. 
0" 


In  the  red  ray  it  took 

green  ray »  'M 

violet  ray 8  39 

verge  of  violet  ray j .  8  67 

Commencing  with  the  violet  ray,  the  loss  was  as  follows  :• 

•  The  priamatic  spectrum  having  been  receivea  on  apagc  of  print,  (he  lines  placed  in 
the  respective  coIouts  were  legible  at  the  fitUawing  distances  : 

In  the  violet  ray  at  14  inciies, 

indigo 16 

blue 164 


{ht'SttunutMice  of  the  luuiiaoiu  njs  aduting  in  gnatm  Rbondanee  in  the  pMi 
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To  consume  one  inch. 

At  the  verge  of  violet  ray  it  took,  . ,  4^  3&^ 

In  the  centre  of  violet  ray. 4  26 

green  ray \ 4  20 

Ted^r:^:^^...:. 4  16 

This  short  inquiry'^flien,  although,  Mrhaps,  not  conducted 
with  all  that  delicacy  and  predsion  sol||c^ssaVy  for  strict  philo- 
sophical research,  woula^fippear  to  wa|ipLnt\jti!yo  conclusions  of 
some  interest.  First,  that  ib§,  solar  ra)^  in  p1e6portion  to  their 
intensity  are  possessed  of  the  pQWiSr  ciytije^rdin^^^to  a  considera;* 
ble  extent  the  process  of  combustion ;  3ai^Sti»^co)j|[equently  the 
popular  ideas  on  this  subject  ari|'  fouhdid  in  triJtlfi^  Secondly, 
that  this  phaB^omenon  is  occasioii^d  by  the  action  of  the  chemi- 
cal raylLon  the  portion  of  atmosphetjc  aijr  that  immediately  enve- 
lopes a  mirticle  of  ioaatter  about  to  ei^ter^into  a  stat^  of  combus- 
tion, aidoj^  no  doubt  by  the  high  temp^BStture*  of  the  portion  of 
materials  t1)at  have  already  commencea  |iiis..prpcess|. 

Before  excluding,  I  would  sugge^Jtiras  a  subjectji^  further 
investigation,,  whether  ijtm«.y  not  be  owing  to  ^y^Sraon  of  the 
deoxidizing  ra^s  ofthe^s6Iar  beam,  en  Jjto?,  ^Wtiftous  combinations 
of  matter  diffused  over  the  surfl|ft^  '4>f 'bur  globe,  that  the  vast 
quantities  of  oxygen  cor^j^fjDicS^'bn  the  various  deteriorating  pro- 
cesses of  nature  a^d  of  ^rt  are  again  restored  to  the  atmosphere 
so  as  to  preserve  at  all  periods,  and  in  every  situation,  a  state  of 
constant  uniformity  of  composition,         ^  .._<  : 

.  ]?fante,  it  is  satisfactorily  ascertained,give  but  a  lar^equan-, 
titybf  oxygen  gas  when  exposed  to  sunsmne,  an  effect  B^at  may 
very  fairly  be.  attributed  to  the  action  of  the  chemical  ray^  o«  the, 
carp9pfc=ac?i|d.  generated. in  the  minute  vascular  syst^px  of  thj?  ; 
le^.^^  ^Ijve^v  tne  ordinary  light  of  d^y  has,  in  some  itist^niceai^,. 
been  louhd  capable  of  accomplishing  the  same  purppisp..,\.'tbu^j: 
marsh  plants,  as  the  polygonum  persicaria  and  the  lythrum  saU- 
camy  yielded  oxygen  gas  by  a  weak  diffused  light  when  confined 
in  an  atmosphere  of  nitrogen ;  and  different  species  of  ipZ/oizMm 
vegetated  a  long  time,  and  grew  as  well  in  pure  nitrogen  gas  as 

portion  of  the  spectrum  would  appear  to  suggest  the  propriety  of  imparting  this  colour 
to  objects  that  we  wish  to  render  visible  at  great  distances,  such,  for  instance,  as  lights 
situated^(»lg  the  s^ea  coast.  I  am  not  aware  of  the  expeximent  haying  been  tried,  in 
light-houses,  and  I  should  anticipate  but  one  objection  to  its  success ;  namely,  that  the 
blue  colour  of  the  atmosphere  combining  with  the  green  would  impart  a  yello^wisli  tingp. 
In  the  cdoiiring  of  our  apartments,  however,  and  a  variety  of  other  occasions^  this  prin- . 
ciple  might  be  advantageously  attended  to.  The  circumstance  of  our  fields,  as'wfellas 
the  greater  portion  of  tibe  vegetable  world,  having  been  clothed  with  this  delicate  and 
refreshing  colour,  may  enable  tliose  animals  that  feed  by  night  more  readily  to  discover 
their  wonted  repast.  This,  itt  all  events,  may  be  one  end  accomplished  by  it.  The  same 
simple  agent  in  the  hands  of  an  all-wise  Providence  is  frequently  employed  to  accomplish 
the  greatest^ariety  of  puxposes. 

*  The  temperature  of  a  conunon  fire,  according  to  Irvine,  is  790^^ 
-(*  Saussure  found  that  by  the  decomposition  of  carbonic  odd  not  only  was  oxygen 
disduu^ed  fiQin  t^e  plant,  but;tbAt  the  proportion  of  its  carbon  was  materially  increase^. 
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in  common  air,  though  exposed  only  to  a  weak  light,  or  protected 
from  the  action  of  the  sun.  The  nitrogenous  atmosphere  at  the 
end  of  two  months  was  increased  in  bulk,  and  contained  -x-Fo^^hs 
of  oxygen  gas;  whereas  when  similar  plants  were  confined  in 
pure  nitrogen  gas,  and  kept  in  perfect  darkness^  though  they 
were  renewed  every  twelve  hours,  lest  their  vegetation  might 
lan^ish ;  yet  they  produced  no  oxygen  gas,  but  augmented 
their  atmosphere  by  a  quantity  of  carbonic  acid.* 

The  prodfuction  of  the  green  colour  in  plants  (a  process  I  may 
observe  intimately  connected  with  the  discharge  of  oxygen)t 
has  b6en  clearly  demonstrated  to  be  influenced  by  the  portion  of 
the  spectrum  to  which  the  plant  may  have  been  subjected ;  and 
these  changes,  it  has  been  further  proved,  were  occasioned  not 
by  the  heatmg  or  illuminating  rays,  but  by  the  peculiar  properties 
ot  the  chemical  rays  associated  with  them.  Senebier  having 
Bowed  different  quantities  of  lettuce  seeds  in  several  small  cups, 
subjected  them  to  the  influence  of  light  transmitted  through 
fluids  tinged  of  various  colours.  The  leaves  exposed  to  yellow 
light  were  at  first  of  a  faint  green,  but  afterwards  became  yellow: 
those  exposed  to  violet  light  were  of  a  bright  green,  and  their 
colour  augmented  with  their  age ;  while  those  raised  in  obscu- 
rity possessed  no  verdure  whatever.  J 

As  animal  substances  (according  to  the  experiments  of  Aber- 
nethy,  Cruickshank,  and  Jurin)  deteriorate  the  air  after  the 
manner  of  vegetables ;  namely,  by  the  absorption  of  oxygen  and 
the  emission  of  an  equivalent  quantity  of  carbonic  acid  gas,  the 
supposition  seems  not  improbable,  from  their  similarity  in  struc- 
ture and  other  circumstances,  that  they  also  when  exposed  to 
gunshitie  would  give  out  oxygen  gas.  But  for  this,  we  have  as 
yet  no  data.  I  believe  the  experiment  has  not  been  tried,  and 
I  merely  mention  it  as  affording  a  field  for  curious  and  iijteresting 
inquiry  both  to  the  chemist  and  physiologist.  With  regard  to 
inorganic  matter,  we  find  that  the  most  compact  and  solid  mate- 
rials with  which  we  are  acquainted  are  incessantly  subjected  to 
those  slow  and  silent  changes  to  which  we  commonly  apply  the 
term  decay.  By  this  in  truth  we  understand,  that  the  elements 
of  which  they  are  composed  are  constantly  entering  into  new  and 
varied  states  of  combination.  Influenced  by  the  physical  agents 
that  surround  them,  the  results  of  this  mutual  interchange  of 

♦  We  can  readily  conceive  that  during  the  ordinaiy  light  of  day,  the  chemical  rays, 
from  their  dilute  and  feeble  state,  may  not  possess  sufficient  power  to  interfere  (unlew 
in  a  few  instances  such  as  those  to  which  I  have  aUuded)  with  the  usual  functi<Nis  ^  ' 
plants ;  hut  that  during  sunshine,  their  intensity  may  become  so  much  increased  as  to 
occasion  a  directly  opposite  round  of  changes,  the  air  diat  had  hitherto  been  contaminated 
by  vegetation  being  now  restored  to  its  original  state  of  purity. 

•j-  "  The  emission  of  oxygdh  and  the  production  of  the  green  colour  in  plants  appear 
both  to  depend  on  the  same  cause — the  decomposition  of  carbonic  acid;  so  that  we 
cannot  so  properly  affirm  that  the  green  parts  afford  oxygen  as  that  they  become  green 
^K/iten  that  gas  is  expelled."— (Se-e  Ellis's  Further  Enquiries.) 
''-^'t  See  Mr.  ElHs^sFuithei  Enquiries,  &c  p.  78 ;  Saussure's  RechercbeB,  p.  54* 


affinities  are  again  destined  to  pass  away^  and  having  thrown  off 
the  forms  they  had  assumed,  they  serve  ^  the  basis  of  other, 
perhaps  far  di£Perent  compounds.  It  has  been  usual  to  attribute 
the  changes  here  spoken  of  almost  exclusively  to  the  combined 
influence  of  air  and  of  moisture  aided  by  inequalities  in  atmo- 
spheric temperature.*  These  no  doubt  are  powerful,  and  to  a 
certain  extent,  effective  agents  \  yet  when  we  ooqie  to  consider 
apparently  the  most  simple  ph^nome^a,  ho^  many^  serious  and 
unbending  difficulties  have  we  not  to  encounter?,  X^e , co-opera- 
tion of  an  active  energetic  principle  ^igiupb  as  that, )L  have  sug- 
gested, would,  it  appears  to  me,  afford  .^  r^eady  eaiplanation  of 
many  miscellaneous  occurrences  at  pcs^ent  involved  in  much 
obscurity.  Above  all,  its  well-known  power  of  causing  the  dis- 
engagement of  oxygen  from  a  variety  of  compound  bodies  would 
appear  to  offer  a  fair  and  satisfactory  explanation  of  one  of  the 
most  abstruse  and  difficult  problems  that  has  as  yet  engaged  the 
attention  of  scientific  men.  "By  whatever  process,"  observes 
Mr.  Ellis,  "  the  purification  of  the  atmosphere  may  be  accom>- 
plished,  of  this  general  fact  we  may  rest  satisfied,  that  as  oxygeii 
IS  withdrawn  from  it  in  order  to  enter  into  new  combinations,  so 
it  can  again  be  restored  only  by  such  decompositions  as  shall 
set  it  free,  and  these  decompositions  must  be  as  numerous,  and 
to  an  extent  as  great,  as  the  combinations  to  which  they 
succeed." 

I  am  fully  aware  that  this  is  a  subject  on  which  even  a  con- 
jecture should  be  hazarded  with  extreme  caution,  but  I  trust  its 
importance,  as  well  as  the  acknowledged  want  of  any  thing  like 
a  satisfactory  explanation  of  the  principles  on  which  such  inte- 
restirig  and  important  changes  depend,  will  furnish  an  apology 
for  the  few  imperfect  ideas  I  have  here  ventured  to  throw  out. 

Whether  chemically  acting  rays  exist  in  the  moonbeams  is  a 
point  I  believe  not  yet  fully  determined.  It  is  likely,  however, 
that  they  do,  although  in  an  extremely  dilute  and  attenuated 
condition.  Indeed  if  the  colorization  of  the  leaf  is  once  admi(>- 
ted  to  be  owing  to  the  action  of  these  rays  (and  of  this  the  expe- 
riments of  Senebier  appear  to  leave  no  doubt),  we  can  hardly 
hesitate   to  admit  their  existence.f    The   Abbe  Lessier  and 

*  Matter  is  commonly  divided  by  chemists  and  natural  philosophers  into  living  and 
d&ad^  but  the  distinction  is  probably  not  founded  on  rational  or  accurate  views:  what  we 
usually  term  dead  matter  is  by  no  means  inert  or  indifferent  with  regard  to  itself ;  thpre 
is  not  a  particle  of  dust  on  which  we  tread  but  has  it^  peculiar  relati3ns  and  affinities,  by 
which  it  is  enabled  to  fonn  a  portion  of  that  perpetusd  round  of  modifications  that  fotip 
'  80  remarkable  a  feature  in  the  material  world.  Attraction  in  fact  may  be  said  to  consti- 
tute the  life  of  the  inorganic  masses  of  our  globe. '  ; 

-|-  Although  no  difference  could  be.  detected  in  the  process  of  combustion  when  carried 

on  by  moonlight  and  in  a  darkened  room,  yet  this  might  be  owing  to  the  imperfectiOQ.  «f 

*  <he  means  employed  to  ascertain  the  weights  of  the  re^ective  portions  of  taper.     The 

•Hght  of  this  luminary  does  not  amount  to  I  (K),000th  part  of  that  of  the  sun,  and  the  veiy 

'  f^l}le  heat  which  thi^  excites  has  never  yet  been  detected  by  the  most  delicate  contrivj^i^ce 

of  art.    Such  may  be  the  case  with  the  chemical  rays :  our  best  devised  experim^^ 

'  may  not  be  able  to  detect  their,  fnrcsenee,  althougli  from  a  varie^  of  natural  phasnbiiieiui 

their  existence  is  liardly  to  be  questioned. 
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others  have  both  fully  estabUshed  4hefeci4faaC  the^ligKt  of 
the  moon  has  the  power  of  imparting  the  "green  colour  to  plants, 
although  of  a  tinge  less  deep  thati  mat  tK^oasiooed  foy.tlidiH^ 
of  day.  Fruits  also  that  have  been  keptexckided'frmb^te  ML 
are  found  to  ripen  with  considerable  rapidity  when  nC^dMNi 
the  lunar  rays.  .  r    jvo  «/<•<*  hai 

Finally^  it  nuiy  be  Sitated,  the  several  eipecies  of  ra^  Aaitlc<)ltt> 

Eose  the  solar  beam  would  appear  to  exert  the  followiHg4ipiniiti 
ut  varied  actions.  "  i  .^'^j^'r;t»Tl( 

Firsts  the  calorific  rays:  they  impart  heat  totbe-'^drflRaMflii 
combinations  of  matter,  organic  as  well  as  inorganioy  aMl  Aus 
assist  in  the  various  cbiMtnical  changes  to  which  they  aM'ifioMa 
santly  subjected.  ,-  .-^.jiton 

Secondly,  the  calorific  rays  by  which  the  objects  thatlsuiTpifilS 
us  are  illuminated,  and  but  for  which  it  is  obvious  all:  niKtiMil 
would  be  as  a  dreary  blank.  ■■'■'    ::*.-^t 

Lastly,  the  deoxydizing  or  chemical  rays,  by  means  of  Which 
(it  is  suggested)  the  oxygen  consumed  during  combuistion,  respi- 
ration, and  a  variety  of  other  processes,  is  again  restored  to  the 
atmosphere,  thus  preserving  this  medium  in  a  state  constantly 
fitted  for  administering  to  the  support  of  organized  beings. 


Article  VIII. 


Answer  to  Mr.   Rainy 's  Paper   on  the  Specific    Gravity  of 
Hydrogen  Gas.    By  Thomas  Thomson,  MD.  FRS. 

In  the  Annals  of  Philosophy  for  August  last  (vol.  x.  p.  135, 
New  Series),  my  friend  Mr.  Rainy  has  endeavoured  to  show  thdt 
I  have  underrated  the  quantity  of  vapour  in  hydrogen  gas,  by 
making  its  specific  gravity  too  low ;  and  that  when  the  errors  in 
my  calculations  are  corrected,  the  specific  gravity  of  hydrogen 
gas  is  to  that  of  oxygen  gas  not  as  I  have  supposed,  as  1  to  16, 
but  as  1  to  16*64,  or  as  0*967  to  16.  He  draws  as  a  conclusion 
that  my  experiments  disprove  the  hypothesis  that  the  specific 
gravities  of  all  the  gases  are  multiples  by  integer  numbers  of  the 
specific  gravity  of  hydrogen  gas, 

I  was  anxious,  before  answering  this  paper  of  Mr.  Rainy,  to 
make  a  few  additional  experiments  on  the  subject ;  and  as  the 
manipulations  were  rather  delicate,  I  thought  it  requisite  in  the 
first  place  to  get  my  balance  put  into  the  best  possible  order,  and 
my  weights  adjusted  so  as  to  render  the  unavoidable  e;rrors  in 
weighing  as  trivial  as  possible.  My  friend  Mr.  Crichton,  to 
whose  uncommon  zeal,  abilities,  and  accuracy,  I  have  been 
already  so  frequently  indebted,  was  kind  enough  to  put  my 
balance  into  excellent  order;  but  it  was  almost  the  middle  of 
September  before  I  was  able  to  execute  the  projected  experi- 
ments. 
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Mr.  Rainy's  paper  is  written  with  all  that  ptrspicuity,  accu- 
racy, and  modesty,  which  I  looked  for  from  him ;  and  had  he'd 
taken  into  his  consideration  all  the  circumstances  of  the  caseJT 
hia  conclusions  would  have   been  undoubted.     But  I  flattetj 
myself  that  I  shall  be  able  to  satisfy  him  that  if  I  have  commiW*! 
ted  any  error  in  my  calculations,  it  lies  exactly  on  the  opposiwii 
side  from  what  he  supposes  ;  and  that  instead  of  underrating, 
I  have  in  reality  overrated  the  weight  of  the  moisture  which  the 
hydrogen  gas  ought  to  have  contained,  on  the  supposition  that 
the  theory  of  vapour  at  present  adopted  is  correct. 

In  ray  recent  work,  to  which  Mr.  Rainy  alludes,  I  did  not 
consider  it  proper  to  enter  into  any  details.  1  have  not  even 
noticed  all  the  data  which  were  employed  by  me  in  calculating 
the  quantity  of  vapour  in  the  hydrogen  gas.  It  will  be  requisite, 
therefore,  to  state  some  particulars  of  the  experiments  a  little  in 
detail  that  the  grounds  of  '.he  calculations  may  be  fully  under- 
stood. 

Tho  weight  of  the  smalL  flask  in  which  I  dissolved  the  zirifi 
was  786'9  grains.     Its  capacity  was  S'S  cubic  inches.*  '   ^ 

The  dilute  sulphuric  acid  employed  for  dissolving  the  zincwak 
»  mixture  of  very  nearly 

I  Water 1700  grs. 

*  Sulphuric  acid 400 

2100 

so  that  the  usual  weight  of  the  glass  filled  with  dilute  sulphuric 
acid  was  2886-9  grains.  This  weight  was  not  rigidly  the  same 
in  different  experiments ;  because  the  acid  and  water  were 
measured  and  not  weighed.  But  the  difference  scarcely 
exceeded  eight  grains,  except  in  a  few  cases  when  the  quantities 
were  purposely  varied. 

The  boiling  point  of  my  dilute  acid  was  always  224°,  except 
in  two  or  three  trials  in  which  the  acid  was  made  stronger  on 
purpose  ;  but  as  none  of  these  trials  were  employed  in  my  deter- 
mination of  the  specific  gravity  of  hydrogen  gas,  I  need  not 
bring  them  under  review. 

The  length  of  the  glass  tube  filled  with  chloride  of  calcium 
was  15  inches,  and  its  weight  when  so  filled  varied  from  8 15 
grains  to  820  grains  in  different  experiments. 

About  two  cubic  inches  of  the  flask  were  left  empty.  The 
zinc  was  introduced  while  the  flask  was  kept  in  a  sloping  posi- 
tion, and  this  position  was  maintained  during  the  whole  lime 
that  the  zinc  was  dissolving.  This  was  to  prevent  any  small 
drops  that  might  be  elevated  by  the  escape  of  the  hydrogen  gas 
from  making  their  way  out  of  the  flask.     It  was  kept  under 

■  There  is  a  typogrBphical  enot  in  vol.  i.  p.  67,  Uae  9  f  roni  bottom ,  of  my  late  irork. 
liutead  of  "  about  IS  cubic  incbei,"  it  ihould  havd  been  "  about  8  cutric  indm." 
■     t^evi  Series,  vol.  x.  2  a. 


Water  of  the  temperature  49°  during  the  whole  time  that  the  zinc 
was  dissolving,  m  order  to  prevent  any  elevation  of  temperature. 

When  the  zinc  was  completely  dissolved,  the  flask  was  taken 
out  of  the  water  trough,  and  wiped  dry  on  the  outside.  It  was 
then  laid  upon  a  table  with  its  mouth  open,  and  gently  moved 
for  about  ten  minutes  to  allow  the  two  cubic  inches  df  hydrogen 
gas  which  it  contained  to  make  their  escape,  and  common  air  to 
take  its  place.  It  was  then  weighed,  taking  care  to  allow  it  to 
remain  on  the  scales  till  the  weight  became  stationary^  if  it  was 
not  so  at  first,  which,  however,  was  generally  the  case. 

When  the  tube  containing  the  chloride  of  calcium  was 
detached  from  the  flask,  I  put  that  extremity  of  it  which  had 
been  furthest  from  the  flask  into  my  mouth,  and|  drawing  a  long 
breath,  displaced  the  whole  of  the  hydrogen  gas  >^hich  it  con- 
tained, substituting  in  its  place  the  common  air  of  the  room. 
The  tube  was  then  wiped  dry  and  weighed. 

After  these  details,  which  will  enable  the  reader  to  appreciate 
the  degree  of  confidence  which  may  be  put  in  the  experimentS| 
I  shall  follow  Mr.  Rainy  through  his  calculations. 

Mr.  Rainy  says  that  I  have  employed  an  erroneous  formula 
in  calculating  the  specific  gravity  of  vapour.  In  fact,  however, 
the  formula  which  1  used  is  precisely  the  same  as  his ;  excepting 

that  he  has  introduced  an  additional  term  rpr*  I  did  not  copdider 

it  as  worth  while  to  introduce  this  additional  term ;  becauft^ 
some  uncertainty  still  hangs  over  the  vtilue  of  p,  and  mufit  con- 
tinue to  do  so  till  the  law  of  the  expansion  of  vapour  beacbu- 
rately  determined.    But  I  have  ho  objection,  since  Mr^  Raifif 

chooses  it,  to  introduce  the  term  ^r*  It  will  in,  fact  produce  pi)}/ 

a  very  trifling  alteration  in  the  result.  r  ^ 

I  must  begin  by  reminding  Mr.  Rainy  that  the  boiling  poiM 
of  the  liquid  from  which  the  hydrogen  gas  was  evolved  was  not 
212*^,  but  224°,  or  12°  above  the  boiling  point  of  water.  It  was 
a  liquid  that  required  to  be  raised  12°  higher  than  water  before 
it  gave  out  the  same  quantity  of  vapour  that  water  placed  in  the 
same  circumstances  would  do.  It  was  necessary  on  this 
account  to  reduce  the  temperature  of  49°  (at  which  the  experi- 
ment was  made)  by  12°;  for  the  vapour  given  out  wb.b  ^what 
would  have  been  given  out  by  water  of  the  temperature  87^i 

The  volume  of  gas  extricated  at  49°  was  137*08  dubictnches. 
To  find  its  volume  at  60°,  we  have  this  analogy,  497  :"608^ :: 
137-08  :  140-396  cubic  inches  =  volume  of  gas  at  60^ 

The  pressure  of  vapour  at  37°  (according  to  Dalton*s  table)  is 
0*237  inch  of  mercury  =  p.  Let  us  calculate  the  specific  gravity 

of  this  vapour  by  Mr  Rainy's  formula,  which  is  xtt  ^  §qX  0*625 
=  specific  gravity. 
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j;;  '      ; tog.  0-625 -  1-7958800 

"'  tog.^: 0-0103820 

'    Log.^ -3-8976275 

Log.0-626 • ,•  -1-7968800 

—  3-7038891 

T!h»  number  to  which  this  logarithm  corresponds  is  0*00505695 
=  specific  gravity  of  vapour  at  37°  (or  extricated  from  weak 
sulpntiric  acid  of  49°).  Ihus  the  specific  gravity  calculated  by 
Mr.  Rainy's  own  formula,  instead  of  being  higher  than  I  made 
it,  turns  out  in  fact  rather  lower. 

The  difiPerence  between  this  and  my  former  calculation  is 
owing  to>  some  little  alterations  in  the  data.  But  these  altera- 
tions, for  reasons  to  be  immediately  stated,  I  consider  it  as  need- 
leiss  to  discuss  here. 

Now  the  absolute  weight  of  this  vapour  calculated  by  the 
obvious  formula  0-00606695   x   137-08  x  0-305  is  0*21143  grs. 

Log.  0-00505695 : -  3-7038891 

Log.  137-08 +2-1369741 

Log.  0-305 -  1-4843000 

-  1-3251632 

The  number  corresponding  to  this  logarithm  is  0-21143.    This 
is  about  Tw^^  ^^  ^  grain  less  than  I  estimated  it. 

These  details  have  been  both  tedious  and  minute ;  but  they 
were  necessary  to  satisfy  Mr.  Rainy  that  my  conclusions  are  not 
liable  to  the  objections  which  he  supposes. 

If  we  subtract  the  0-163  grain  of  moisture  retained  by  the 
chloride  of  calcium  from  0:21143  gr.  The  remainder  0-04843 
will  be  the  moisture  still  retained  by  the  gas.  This  is  0*011 
grain  less  than  my  former  estimate* 

Z  k.  20 
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If  we  take  0*048  from  3,  the  remainder  2*952  will  be  the 
weight  of  138'7551  cubic  inches  of  hydrogen  gas. 

] 38-7551  :  100  : :  2951  :  2-1274  =  weight  of  100  cubic 
inches  of  hydrogen  gas  ;  and  admitting  that  100  cubic  inches  of 
oxygen  gas  weigh  33-915  grains,  the  specific  gravity  of  oxygen 
gas  is  to  that  of  hydrogen  gas  as  16  to.  I-003d.  This  deviates 
less  than  -g-io^th  from  the  ratio  of  1  to  16. 

But  a  careful  examination  of  my  former  experiments,  which  I 
was  induced  to  make  by  the  perusal  of  Mr.  Kainy's  paper,  led 
me  to  entertain  some  doubts  about  the  accuracy  of  this  mode  of 
proceeding.  Of  ten  experiments  which  I  formerly  made,  nine 
gave  a  greater  augmentation  of  weight  in  the  chloride  of  calcium 
than  the  weight  of  all  the  vapour  that  could  have  been  contahied 
in  the  hydrogen  gas  at  the  temperature  in  which  the  experiments  . 
were  made.  Now  it  appeared  scTmewhat  unreasonable  to  lay 
aside  nine-tenths  of  all  the  experiments,  and  to  draw  my  conclu- 
sions from  the  odd  tenth.  I  was  desirous^  therefore,  to  try 
whether  by  increasing  the  length  of  tube  filled  with  chloride  of 
calcium,  1  could  not  render  the  gas  perfectly  dry,  and  thus  get 
rid  of  the  necessity  of  introducing  the  specific  gravity  of  vapour 
into  the  calculation. 

The  experiments  which  I  am  going  to  give  an  account  of  were 
four  in  number.  Thev  were  made  when  the  thermometer  stood 
at  60°,  and  the  barometer  at  very  nearly  30  inches,  so  that  no 
correction  whatever  was  required  for  pressure  or  temperature.  I 
filled  three  glass  tubes  with  chloride  of  calcium,  the  two  extre- 
mities of  each  of  which  were  stuffed  in  the  usual  manner  with 
-amianthus.  These  tubes  were  united  by  slips  of  caoutchouc, 
which  were  cemented  into  tubes  by  means  of  a  solution  of  caout- 
chouc  in  naphtha.    The  length  of  these  tubes  was  as  follows: 

^  First  tube 15  inches* 

Second  tube . . , 22 

Third  tube 27 

Total  length ..,, 64 

The  zinc  dissolved  was  130-21  grains. 

Weight  of  flask  with  dilute  acid  • .  2780*7  grains 

Weight  of  first  tube 815-95 

Weight  of  second  tube 1033-05 

Weight  of  third  tube 1051-79 

The  experiments  were  conducted  precisely  in  the  way  already 
described,  and  exactly  the  same  precautions  were  employed  in 
weighing  the  tubes  and  flask.  The  weather  happening  to  be 
rainy,  I  was  afraid  that  some  moisture  might  have  insinuated 
itself  into  the  open  end  of  the  tube  containing  chloride  of  cal- 
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ciutn.  To  prevent  this,  that  tube  was  made  to  pass  through 
a  perforated  cork  fixed  in  the  beak  of  a  tubulated  retort  containing 
some  sulphuric  acid,  while  a  sewing  thread  douhled  was  inserted, 
between  the  tubulure  and  the  glass  stopper  to  allow  the  hydrogen 
gas  to  escape  as  it  was  evolved. 

The  third  tube  containing  chloride  of  calcium,  which  was 
furthest  from  the  flask,  had  undergone  no  alteration  whatever  in 
weight.  I  concluded  from  this  tiiat  three  feet  one  inch  of  tube 
filled  with  chloride  of  calcium  was  sufficient  to  render  the 
hydrogen  gas  as  dry  as  it  could  be  made  by  this  method.  In 
consequence  of  this  in  a  subsequent  experiment,  1  omitted  the 

'^third  tube  altogether, 

I  >-    The  increase  of  weight  of  the  second  tube  was ......  0-1  gr. 

.  -■Jfi  first  tube 0-S4 

.Hi,  Total 0-94 

\^  ..  The  loss  of  flask  was 4-8  grains. 

,3.  Gain  of  tubes 0'94 

'"'"  Weight  of  hydrogen  gas 3*S6 

.■-..Now  130-21  :  100  ::  3-86  :  2-964  =  weight  of  gas  evolved 
L-doriug  the  solution  of  100  grains  of  zinc;  and  130-21  :  100  :: 
Q©-94  :  0-7219  =  moisture  deposited  in  the  tube  during  the 
f  solution  of  100  grains  of  zinc  in  dilute  sulphuric  acid.  The 
"volume  of  this  gas  being  138-7551  cubic  inches,  it  is  easy  to  see 
■  ititftt  when  the  barometer  stands  at  30  inches,  and  the  thermo- 
.  meter  at  SO",  the  weight  of  100  cubic  inches  of  hydrogen  gas  is 
'2'136  grains. 

•  Aaieording  to  this  determination  the  specific  gravity  of  oxygen 
gas  is  to  that  of  hydrogen  gas  as  10  to  l'U077,  This  deviates 
-,-^th  part  from  the  ratio  1  to  16;  and  this  ratio  will  be  exact,  if 
it  be  admitted  that  an  error  amounting  to  0'02  grain  was  coi£- 
mitted  in  the  weighing.* 

if  we  calculate  the  weight  of  vapour  which  the  hydrogen  gas 
ought  to  have  carried  off  from  the  dilute  acid,  we  shall  find  it  to 
amount  to  0-313128  grain;  but  the  moisture  imbibed  by  the 
chloride  of  calcium  amounted  to  0-y4  grain,  or  three  times  the 
calculated  quantity.  We  must,  therefore,  either  admit  that  our 
notions  respecting  vapour  are  still  imperfect ;  or  that  the  hydro- 

•  It  Is  rensonabte  to  expect  thiC  the  specific  gravity  of  hydrogtn  gas  u  detertnined 
«xperimaitaI1y  will  be  a  little  higher  than  the  theoretical  veight,  because  it  ia  almost 
impossible  to  prepare  it  absolutely  pure,  and  every  impurity  niuat  necessarily  increase 
itx  weight.  The  zinc  wbich  I  employed,  though  it  had  been  distilled  in  an  earthenware 
retort,  was  by  qd  meauB  abaolutely  pure;  for  I  eouM  still  detect  in  it  minute  quantities 
of  fbrrign  matter.  Now  it  is  surely  not  at  all  unliiiely  that  bd  great  a  TOlume  uf  hydro, 
sen  as  HI  cubic  inches  might  contain  0-02  grain  of  foreign  matter.  This  is  bA  the 
impurity  which  it  is  requisite  (o  admit  oit  the  suppMiiiuD  uiat  no  error  whntevet  was 
coiiiniin«l  ia  ih«  vdghing. 
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gen  gas  carries  along  with  it  and  deposits  in  the  chloride  o{ 
calcium  small  quantities  of  sulphuric  acid^  or  of  sulphate  of  zinc, 
or  of  both  together.* 

Whether  Mr.  Rainy  will  consider  an  experiitient  which  comes 
within  less  than  one  per  cent,  of  the  ratio  of  1  to  16,  as  esta- 
blishing the  truth  of  that  ratio,  I  cannot  pretend  to  conjecture. 
Sut  I  am  sure  that  I  am  not  able  to  come  nearer  the  truth  by 
means  of  the  balance  which  1  employed.  I  am  not  at  all  certain 
that  the  real  weight  of  the  hydrogen  was  not  0*02  grain  Usft 
than  I  reckon  it ;  for  notwithstanding  the  goodness  of  the  beam/ 
and  the  scrupulous  attention  with  which  every  thing  was  weighedf 
it  is  scarcely  possible  to  guarantee  a  deviation  from  accuracy  to 
aso  small  an  amount  as  0*02  grain  when  the  whole  weight  amounts 
to  4769'9l  grains,  or  not  much  short  of  a  troy  pound.  This  was 
weighing  to  -^g^^^.^^th  part  of  the  whole,  a  degree  of  precision  to 
which  I  believe  it  to  be  very  difficult  to  attain. 

But  it  was  not  by  means  of  these  experiments  that  I  satisfied 
myself  of  the  truth  of  the  ratio  between  the  specific  gravities  of 
hydrogen  and  oxygen  gases.  The  evidence  already  brought 
forward  was  conclusive.  My  object  was  merely  to  produce  an 
approximation  by  means  so  simple  as  would  be  likely  to  satisfy 
those  who  had  not  the  requisite  knowledge  to  draw  their  conclu- 
sions from  more  complicated  sources.  It  may  be  worth  while  to 
mention  a  few  of  the  facts  upon  which  my  opinion  wasoriginaUy 
founded. 

1.  I  determined  by  actual  experiment  that  the  specific  gravity 
of  hydrogen  gas  is  0*0694.  The  subsequent  determination,  of 
Berzelius  and  Dulong  will  be  found  to  approach  so  near  to  this^ 
that  I  have  often  been  surprised  that  these  ingenious  gentleifien 
did  not  perceive  that  0*0694  approaches  more  nearly  to  the  meaji 
of  their  experiments  than  the  number  which  they  themselves 
pitched  upon. 

2.  I  consider  the  evidence  which  I  have  adduced  in  my  late 
work  as  conclusive  that  air  is  a  mixture  or  compound  of  one 
volume  of  oxygen  gas  and  four  volumes  of  azotic  gas,  or  of  one 
atom  oxygen  and  two  atoms  azote.     From  this  it  follows  that 

the  specific  gravity  of  oxygen  gas  must  be  1*1111,  if  atmospheric 
air  be  reckoned  unity. 

3.  The  specific  gravity  of  ammoniacal  gas,  deduced  from  a 
mean  of  the  determinations  of  Sir  H.  Davy  and  my  own,  is 
0'590237.  It  has  been  proved  I  consider  to  the  satisfaction  of 
every  person  that  it  is  a  compound  of  one  volume  of  azotic 

*  The  chloride  of  calcium  would  not  merely  imbibe  the  moisture  contained  in  the 
hydrogen  gas  passing  through  it ;  but  it  would  be  constantly  absorbing  the  atmosphere 
of  vapour  in  the  empty  part  of  the  small  flask.  Now  as  ^e  experiment  always  lasted 
^  hours,  it  is  not  unreasonable  to  suppose  that  more  vapour  might  be  absorbed  than 
■v^iat  W9^  capabl^.of  existing  at  tl^e  Si^ven  temp^ature  in,,  the  hydrogen  gas  which  passed 
Arough  the  chloride. 
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gas  and  three  volumes  of  hydrogen  gas  condensed  into  two 

volumes. 

2  volumes  ammoniacal  ^as  weigh.,  1*180474 
Subtract  1  volume  azotic  gas  ....  0*972222 

Remain  for  3  volumes  hydrogen  gas  0*208252 

The  third  of  which,  or  0*069417,  must  represent  the  specific 
gravity  of  hydrogen  gas. 

Now  0*069417  :  Mill  ::  1  :  16*006. 

Thus  we  see  that  the  specific  gravity  of  hydrogen  gas  deduced 
from  that  of  ammoniacal  gas  is  within  -^^  th  part  of  ^th  of  that 
of  oxygen  gas. 

4.  Water  has  been  shown  to  be  a  compound  of  one  volume  of 
hydrogen  gas  and  half  a  volume  of  oxygen  gas  united  together, 
and  condensed  into  a  liquid. 

Weight  of  a  volume  of  hydrogen  gas 0*069417 

Weight  of  half  a  volume  of  oxygen  gas  . . .  •  0*655555 

Now  0*069417  :  0*555555  ::  1  :  8*003 

Here  we  have  the  same  ratio  as  before. 

The  compositions  of  water  and  ammonia  have  been  deter*- 
mined  with  fully  as  much  care  as  any  thing  within  the  whole 
range  of  chemical  science  ;  and  they  concur  m  establishing  the 
ratio  between  the  specific  gravities  of  hydrogen  and  oxygen 
gases  to  be  1  :  16.  Indeed  I  am  aware  of  very  few  numerical 
ratios  in  any  department  of  science  that  have  been  determhied 
with  so  much  accuracy. 

5.  Even  the  specific  gravity  of  vapour,  upon  which  Mr.  Rainy 
lays  so  much  stress,  and  which  he  considers  as  so  completely 
established,  leads  to  the  same  conclusion,  or  rather  indeed  is 
founded  on  the  assumption  of  the  truth  of  this  ratio.  This  spe- 
cific gravity  has  been  settled  at  0*625. 

Now  vapour  is  a  compound  of  one  volume  of  hydrogen  gas 
and  half  a  volume  of  oxygen  gas  united  together,  and  condense'd 

into  one  volume.   If  we  subtract  0*556  from  0*625,  the  remainder 

0*0694  must  represent  the  specific  gravity  of  hydrogen  gas  ;  but 

0*0694  :  1*1111  ::  1  :  16. 

In  reality,  therefore,  all  the  calculations,  and  objections  of  Mr* 
Rainy  were  founded  on  the  admission  of  the  very  ratio  which  he 
endeavoured  in  his  paper  to  overturn. 

I  might  easily  bring  forward  a  great  nunaber  of  other  proofs 
that  the  specific  gravity  of  hydrogen  gas  is  exactly  ^th  of  that 
of  oxygen  gas.  But  I  have  already  extended  this  paper  much 
further  than  I  originally  intended ;  and  I  believe  that  in  Great 
Britain  at  least,  the  specific  gravities  of  hydrogen  and  oxygen 
gaseS;  as  I  have  here  stated  them,  are  universally  admitted  to  b^ 


3^     Prof.Buj^f^if^A'onihsAni^IotM  {Kot. 

tEup.'^oI^  l},^v^a?£qrs^  cpn^idered.  ^He^  subject  fneiquently,  and  with 
all  the  attention  of  which  I  am  capablei>  and  I  am  satisfied  that 
a.  be^er  esteib}^lp^|faGt  ijS/nG»t  to  be  ibund  within  the  limits  of 
cnemical  science. 
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♦        /Article  IX.  ^ 

On  the  Disc6i)ery  of  the  Anophtherium  Commune  in  the  hit  of 
Wight.  By  the  Kef .  W.  Buckland,  Professor  of  Geology  in 
the  University  of  Oxford. 

(To  the  Editors  of  the  Annals  of  Philosophy.) 

GENTLEMEN,  Ox/orrf,  Orf.  4,  1824. 

■  ■       1 

Since  the  publication  of  Mr.  Webster's  excellent  Memoirs  on 
the  Geology  of  the  Isle  of  Wight,  and  the  coasts  adjacent  to  it, 
no  doubt  has  existed  as  to  the  identity  of  the  freshwater  forma- 
tions that  occur  so  extensively  in  that  island  with  those  described 
by  Cuvier  and  Brongniart  in  the  vicinity  of  Paris ;  and  this 
conclusion  has  rested  on  the  similarity  pf  the  remains  of  fresh- 
water molluscee  and  vegetables  which  these  formations  respect* 
ively  contain,  and  on  a  correspondence  in  their  substance,  and 
their  relative  position  to  other  strata  of  marine  origin,  quite 
sufficient  to  establish  the  contemporaneous  deposition  of  these 
remarkable  strata  at  the  bottom  of  ancient  fresh  water  lakes  in 
the  districts  which  are  geologically  distinguished  by  the  appel- 
lation of  the  basin  of  Hampshire  and  the  basin  of  raris. 

There  was  still,  however,  a  further  point  on  which  evidence 
appeared  desirable,  inasmuch  as  the  remains  of  the  genus 
Anoplotherium  and  other  large  lacustrine  quadrupeds  which  occur 
in  the  basin  of  Paris,  had  not  been  ascertained  to  exist  in 
England.  This  desideratum  I  have  long  felt  anxious  to  supply, 
and  in  a  rapid  excursion  to  the  >vest  of  the  Isle  of  Wight  two 
years  ago,  1  sought  for  the  bones  of  these  animals  in  the  cliffs 
of  Headon  Hill  and  Totland  Bay,  and  some  adjacent  quarries 
of  the  interior,  without  finding  any  thing  more  than  a  small  frag- 
ment too  indistinct  to  be  considered  decisive  of  a  point  to 
which  no  other  evidence  had  yet  been  adduced.  But  in  the 
month  of  November  last,  whilst  occupied  in  looking  over  the 
cabinets  of  Mr.  Thomas  AUan^  of  Edinburgh,  I  discovered  a 
tooth,  which  he  informed  me  he  had  himself  collected  several 
years  ago  in  the  Isle  of  Wight  in  the  quarries  of  Binstead,  near 
llide,  and  which  immediately  struck  me  as  belonging  to  one  of 
the  animals  I  had  been  so  long  in  search  of;  and  on  my  subse- 

Suently  showing  it  to  Mr,  Pentland  (who  is  accurately  versed  in 
II  the  det^  of  the  fossil  quadrupeds  of  the  Paris  basin)  he  at 
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once  pronounced  it  to  be  a  molar  tooth  of  the  lower  jaw  of  tht   i 
Anoplotherium  commune. 
The  annexed  drawing  of  the  tooth  in  question  being  of  the  J 


natural  size  will  give  a  more  correct  idea  of  it  than  can  be  con- 
veyed by  an\  deacnption ,  and  as  the  evidence  of  its  having 
been  found  m  the  quirnes  of  freshwater  limestone  at  Binstead 
(1  believe  the  lower  IreshwatevJ  rests  on  such  accurate  authority 
as  that  of  Mr.  Allan,  we  may  consider  this  important  and  almost 
only  deficient  hnk  in  the  chain  of  evidence  that  unites  the 
English  freshwater  formations  with  those  of  France  to  be  now 
supplied,  and  hope,  that  this  discovery  will  stimulate  others 
whose  local  position  affords  them  opportunity,  to  persevere  in 
the  attempt  to  collect  further  traces  of  the  remains  of  this 
remarkable  class  of  extinct  quadrupeds  in  the  freshwater  strata 
of  the  Isle  of  Wight. 
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Article  X. 

Descriptions  of  Two  New  Minerals.    By  Mr.  A.Levy,  MA. 
the  University  of  Paris. 

(To  the  Editors  of  the  Amiah  of  Fkilosopki/.) 
GENTLEMEN,  Oct.  U,  18!£ 

Hersckelile. 
The  substance  for  which  I  propose  this  name,  in  honour  of 
the  Secretary  of  the  Royal  Society,  was  brought  by  hira  from 
Aci  Reale,  in  Sicily,  and  has  not  yet  been  noticed,  I  believe,  ae 
a  distinct  species. 

It  occurs  in  white,  translucent,  and 
opaque  crystals  of  the  form  represented 
by  fig,  I,  sometimes  isolated  on  the 
matrix,  but  most  generally  very  closely 
aggregated  in  a  manner  analogotis  to 
that  in  which  in  the  crystals  of  preh- 
nite  are  so  frequently  met  with.     The 
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matrixy  in  the  qaviti^s  of  which  it  is  found,'  greatly  resembles 
lava,  but  upon  a  close  examination^  I  found  it  entirely  compose^ 
of  small  grains  and  crystals  of  olivine,  several  of  whiok  I  .have 
detached,  and  measured  by  means  of  the  reflective  goniometer. 
Dr.  W^Haston^  with  his  usual  kindness,  has  examined  chemi- 
cally a  smalt  quantity  of  Herschelite,  and  has  found  it  contains 
silex^  alumina,  and  potash.  These  are  also  the  constUuent  parts 
of  felspar  and  amphigene,  but  the  new  substance  most  certainly 
differs  from  both  by  its  crystallographical  and  other  characters. 
The  form  of  the  crystals  indicates  that  they  are  derived  either 
from  a  rhomboid  or  a  six-sided  prism,  but  the  exact  dimensions 
of  the  primitive  form  I  cannot  give,  on  account  of  the  difficulty 
of  obtaining  accurate  measurements.  The  face©  is  always  dull 
and  curved,  the  faces  6^,  though  sometimes  sufficiently  briUiant 
for  measurement^  are  generally  composed  of  a  number  of  planes 
slightly  raised  one  above  the  other.  The  mean  between  sevesal 
fiieasurements  gives 

p,  V  =  132°         b\  V  =  124'  45' 

If,  therefore,  we  suppose  the  primitive  form  to  be  a  six-sided 
prism,  and  the  faces  u  to  be  the  result  of  a  decrement  by  one 
row  on  the  terminal  edges,  the  ratio  between  one  side  of  the  base 
and  the  height  of  the  prism  will  be  nearly  that  of  equality.  I 
could  obtain  no  cleavage  either  parallel  to  the  base  of  the  prism, 
or  in  any  other  direction.  The  mean  of  two  experiments  to 
determine  the  specific  gravity  gives  2*11 .  The  fracture  is  con- 
choidal,  and  this  substance  is  easily  scratched  by  the  knife. 

Phillipsite, 

Herschelite  is  accompanied  by  another  substance,  which,  I 

also  believe,  belongs  to  a  distinct  species,  for  which  I  propose 

the  name  of  Phillipsite,  in  honour  of  Mr.  W. 

Phillips,  whose  contributions  to  mineralogy 

are  so  numerous  and  so  valuable. 

This  substance  occurs   in  minute  white, 

translucent,  and  opaque  crystals  of  the  form 

represented  by  fig.  2.    In  the  specimens  from 

"Aci  Reale,   tnese   crystals    are   lengthened, 

adhere    closely  together  radiating   from   a 

common  centre,  and  forming  globular  concre- 
tions.    It  is  also  found  in  separate  crystals 

disseminated  on  the  matrix  with  comptonite 

and  other  substances,    in   specimens    from 

Vesuvius.     The  form  of  these  crystals  is  the 

same  as  that  of  harmotome,  Haliyhas  called 

dodecaiedre,  and  the  incidences  of  the  faces  are  nearly  the  same. 
din  consequence  of  these  analogies,  this  substance  ha^  beea 
•tfdndidef ed  by  some  mineralogists  as  identical  with  harmotooie. 
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The  incidences  of  the  faces  marked  af\  in  the  figur/e  I^ODld  90(; 
obtain  with  great  accuracy)  but  yet  they  appear^  tO'  differ 
constantly  from  those  of  harmotomey  the  most.obtusQ  b^ng 
ifearly  123"^  30',  and  the  tess  obtuse.ll7''30^ .  Th^  sub^tsiMip 
appends  to  cleave  parallel  to  the  planes  m  and  t,  but  not  in  t2l0 
direedon  of  the  diagonal  planes  as  faarmotome^  anid  fioaUy  tb^ 
hdidii^B  is  much  less.  These  differences  induced  m^  to  car 
qu^i^  Dr;  WoUaston  to  ascertain  whether  this  substance  ^could 
w  chemically  considered  as  harmotome.  The  result  of  his^iitar 
minfation  was,  that  it  contained  silex>  alumina,  potash^  and  limci^ 
bttt  not  the  slightest  trace  of  barytes,  ....;, 

- '  The  absence  of  this  earth,  which  is  an  essential  constituent  of 
harmotome,  decides  at  once  the  propriety  of  separating  the  ne(w 
substance  from  that  mineral,  and  to  make  a  distinct speciesc^ 
it* '  It  is  easy  to  verify  the  chemical  difference  between  the  two 
substances  in  the  following  manner:  if  a  fragment  of  harmotomis 
is  pounded  and  digested  for  a  minute  or  two  in  boiling  nitric  or 
muriatic  acid,  and  then  the  liquid  filtered,  a  .drop  of  sulphuric 
acid  put  into  it  will  give  a  precipitate,  whilst  there  will  not  be 
the  least  appearance  of  one,  if  Phillipsite  be  treated  in  the  seme 
manner.  I  do  not  give  the  dimensions  of  the  primitive  forrn^ 
because  the  measurements  are  not  sufficiently  accurate^  but  it  is 
obvious  that  a  right  rectangular  prism,  or  a  nght  rhombic  prism^ 
may  be  assumed  as  the  primitive. 


Article  XI. 

On  the  Method  of  analyzing  Sulphate  of  Zinc » 
By  Thomas  Thomson,  MD.FRS. 

In  my  late  work  entitled  "  An  Attempt  to  establish  the  First 
Principles  of  Chemistry  by  Experiment,'^  I  have  made  the 
analysis  of  sulphate  of  zinc  the  foundation  on  which  I  have 
endeavoured  to  rear  the  whole  subsequent  doctrine  of  the 
atomic  weight  of  bodies.  I  was  obliged  to  begin  somewhere, 
and  the  analysis  of  this  salt  appeared  as  simple  and  as  decisive 
as  any  other.  I  abstained  from  describing  the  processes  which 
I  followed,  because  I  thought  them  rather  too  tedious  for  a 
work  of  the  nature  that  I  had  projected,  and  because  it  was  in 
my  power  in  a  book  intended  chiefly  for  my  own  students  to 
supply  verbally  whatever  was  wanting  in  the  practical  part.  I 
find,  however,  that  I  was  mistaken  m  the  opinion  which  I  had ' 
formed  of  chemists,  when  I  supposed  that  they  would  have 
given  me  credit  for  being  acquainted  with  the  usual  methods  of 
separating  the  oxide  of  zinc  from  acids.  For  I  lately  received 
a  letter  from  a  gentleman,  of  whose  practical  skill  I  entertain  a 
high  opinion,  informing  me  that  my  experiments  and  calculiw- 
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tions  are  of  very  little  value,  as  I  deeompofed  sulphate  aJ^i^tK^by 
simply  pourins  carbonate  of  soda  into  a  cold  soiiifion  o/^if.iin^ii'n 

This  assertion  excited  in  me  a  good  deal  of  awprist.  Ido 
not  say  in  my  work  bow  I  performed  the  analysis,  but  merely 
that  the  results  were  so  and  so.  Now  if  a  practicnl  chemist, 
wbo  must  know  the  usual  mode  of  throwing  down  oxide  Of 
«itic  by  alkaline  carbonates,  was  induced  from  my  siteHoe 'to 
conclude  that  I  had  experimented  with  so  little  regard  to  pre- 
ciBion,  as  to  be  satisfied  with  a  mode  which  woidd  have  left 
more  than  one-fifth  of  the  iDxide  of  zinc  still  in  soiutt6n,  i 
have  reason  to  be  apprehensive  that  those  gentlemen  who  flre 
only  commencing  the  study  of  practical  chemistry  may  be  still 
more  injuriously  misled,  that  they  may  attempt  the  analysis  of 
the  sulphate  of  zinc  without  being  aware  of  the  requisite  pi*- 
cautions,  and  that  the  quantities  which  they  will  thus  procure 
■will  be  80  different  from  those  which  I  have  stated,  that  fliey 
will  be  either  inclined  to  consider  my  statements  as  erroneous, 
or,  what  would  be  still  more  unfortunate,  be  discouraged 'ftoni 
prosecuting  their  researches  till  they  have  satisfied  themselves 
Respecting  the  truth  of  the  atomic  weights  which  I  have  given. 
I  conceive,  therefore,  that  it  will  be  highly  proper  to  state  with 
some  minuteness  the  different  modes  of  analysis  which  1  found 
to  answer  best.  And  the  safest  method  of  proceeding  seeitiB 
to  be  to  give  the  steps  of  a  few  of  my  actual  analyses. ' 

1.!  The  sulphate  of  zinc  of  commerce  is  usually  a  conlpoutid 
bf'bne  atom  acid  and  one  atom  oxide  of  zinc.  But  I  have  never 
Diet  vrith  it  absolutely  free  from  iron,  and  seldom  without  soine 
tt^ces  of  cadmium.  When  the  salt  is  made  by  dissolving  the 
zinc  of  commerce  in  sulphuric  acid,  and  crystallizing  the  solu- 
tion, you  often  obtain  a  salt  containing  about  one-third'  too 
much  acid,  and  this  excess  is  not  all  got  rid  of  even  wheli'^ 
aalt'is  dissolved  and  crystallized  several  times  successively. 
The  best  way  is  to  put  a  plate  of  zinc  into  the  aciduloufi -edt, 
and  to  leave  it  in  contact  with  it  till  all  excess  of  acid  is  iieJirtni- 
lized,  a  process  which,  even  when  heat  is  applied,  tfaktia-a'con- 
sidertible  time;  the  best  way  to  free  the  salt  from'  irofa  is 
to  dry  the  crystals,  expose  them  to  a  red  heat,  rediss^tvi  Ja 
distilled  water,  filter  and  crystallize.  It  is  only  when'tbe'sdl- 
phate'  of  zmc  is  pure  that  ita  constituents  ore  as  i  ha^e  seated 
them.  ■  ■■■...■  I  :  ■■   ■.'-.  4j 

2.  The  water  of  crystallization  of  sulphate  of  eind  "CagiVM-^ 
obtained  dii^otly  by  experiment.  I  usually  reduced  the  crystals 
to  powder  in  a  porcelain  mortar,  wrapt  up  the  powder  in  several 
folds  of  blotting  paper,  and  kept  it  for  some  time  under  a  pretty 
■ytwynf  pressure.  181-25  grains  of  the  salt  thus  treated  were 
pttt-into  a  balanced  platinum  crucible,  and  exposed  on  the 
"sarid-bath  in  a  teuiperature  as  nearly  as  possible  of  320",  till 
^e^  ceased  to  give  out  nigisture.    The  loss  of  weight  in  several 


^*S5.]  Method  of  analyzing  Sulphate  of  Zinc.  36$  ^^ 

successive  trials  varied  from  (j8'5  gj'ainsito  69'2  grainB,  and 
nothing  was  given  ont  but  water.  This  I  ascertained  by  making 
the  experiment  in  a  retort,  and  collecting  the  water  in  a 
reoeiver.  ^^   ^^J 

Aftev  the  salt  had  ceased  to  give  out  water  on  the  sand-balj^  ^^H 
the.ci'ueible  was  transrerred  to  a  spirit  lamp,  nnd  the  heat.gfa-  ^^H 
dually  raised  to  redness.     Water  was  given  off  at  first,  neafjy  ' 

pure;  but  it  was  soon  mised  with  sulphuric  acid  fumes,  and 
the  quantity  of  these  fumes  was  greatest  when  the  salt  became 
red-Qot.  The  total  loss  of  weight  which  18i'25  .grains  pf 
crystallized  sulphate  of  zinc  sustained  when  thus  treated,  varied 
in  different  trials  from  81"6  to  81'9  grains.  The  salt  tinis 
treated  did  not  dissolve  completely  in  distilled  water,  and  the 
undissolved  portion  was  always  greatest  when  the  loss  of  weight 
was  greatest. 

From  these  experiments,  repeated  about  a  dozen  of  times,  .1 
concluded  that  ]81'25  grains  of  sulphate  of  zinc  do  not  contain 
60  much  water  as  81'6  grains,  nov  so  little  as  G9'2  grains. 

The  conclusions  to  be  drawn  from  these  experiments  will  be 
better  understood  if  we  divide  the  quantities  experimented  oe 
by  10.  If  we  do  ao,  we  find  that  18' 125  grains  of  crystallized 
sulphate  of  zinc  contain  more  water  than  fj'92  grains,  but  Ipsa 
than  S'16  grains.  I  had  previously  satisfied  myself  that  the 
atomic  weight  of  water  is  1'125.  Now  six  atoms  of  water 
amount  to  6*75,  and  seven  atoms  to  7'875.  8"16  exceed  this 
last  number  by  0'285,  which  is  only  a  small  fraction  of  an  atom. 
The  conclusion  which  I  drew  from  these  experiments  is,  that 
crystallized  sulphate  of  zinc  contains  seven  atoms  of  water, 
that  when  placed  on  the  sand-bath  it  gives  out  six  of  these 
seven,  and  that  the  remaining  atom  cannot  be  separated  without 
taking  along  with  it  a  portion  of  sulphuric  acid. 

These  concluaions,  indeed,  required  to  be  verified  by  the 
subsequent  steps  of  the  analysis.  Meai:while  it  was  pro- 
bable that  18'125  grains  of  sulphate  of  zinc  contain  7.876  grains, 
or  seven  atoms  of  water,  _ 

3.  To  obtain  the  oxide  of  ziuc  vcithout  loss  from  the  sulphatej 
1  bad  recourse  to  a  variety  of  methods,  some  of  which  were 
more,  others  less  successful.     A  few  of  these  may  be  stated.    , 

(1.)  Thequantity  of  acetate  of  barytes  necessary  to  decocor 
pose  a  given  weight  of  sulphate  of  zinc  was  found  to  be  (sup* 
posing  both  salts  pure  and  in  crystals) 

»              Acetate  of  barytes 193'75 
Sulphate  of  zinc    181*25 
The  two  salts  being  dissolved  in  these  proportions,  and  mixed, 
the  sulphate   of  barytes  was  collected  on  the  filter,  and  the 
acetate  of  xbc  was  evaporated  to  dryness  and  exposed  to  ^ 
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red  heat  in  a  balanced  platinum  crucible.  The  Balphate-of 
bwrytes  obtained  by  this  process^  gave  the  quantity  of  lulphuriG 
acid  in  the  sulphate  of  zinc  with  sufficient  exactness;  -But 
there  were  two  sources  of  inaccuracy  which  prevented  me  fiK)m 
obtaining  exactly  the  oxide  of  zinc.  A  portion  of  the  zmc 
was  usually  sublimed  during  the  exposure  of  the  acetate  to ; a 
red  heat.  When  the  oxide  of  zinc  obtained  was  dissolved  is 
an  acid^  a  little  charcoal  from  the  decomposed  acetic  acid' 
usually  remained  behind.  •   •</•    ^r 

(2.)  The  sulphate  of  zinc  was  dissolved  in  water^  andilha 
solution  mixed  with  a  sufficient  quantity  of  oxalate  of  ammonia 
to  throw  down  all  the  zinc.  The  oxalate  of  zinc  was  ooHected^ 
on  a  double  filter;  and  the  liquid  which  passed  throughy 
together  with  that  employed  in  washing  the  oxalate  of  ziney  wad 
evaporated  to  dryness^  and  the  residue  redissolved  in  water,  to 
obtain  any  oxalate  of  zinc  which  might  not  have  been  deposited 
at  first.  The  oxalate  of  zinc  thus  obtained  was  dried  on  thtf 
filter  and  weighed.  A  portion  of  it  was  exposed  to  a  red  heat^^ 
and  the  loss  of  weight  determined.  From  this,  the  whole  oxide 
of  zinc  contained  in  the  salt  was  deduced. 

This  mode  of  analysis  came  much  nearer  the  truth  than  the 
{)receding.  Indeed,  the  oxide  of  zinc  calculated  from  the 
oxalate  would  be  exact;  but  this  method  could  not  be  em- 
ployed, because  it  required  the  previous  knowledge  of  the  ¥eiy 
thing  which  was  under  investigation.  The  oxide  of  zino  ob-' 
tained  by  exposing  the  oxalate  to  a  red  heat,  always  was  below 
the  truth.  The  deficiency,  when  181*25  grains  of  sulphate 
of  zinc  had  been  employed,  varied  in  different  trials  from  1 
grain  to  2^  grains,  and  it  was  never  less  than  one  grain.  I 
ascribe  this  to  a  UtUe  zinc  sublimed  during  the  application  of 
the  heat.  It  was  not  owing  to  any  of  the  zinc  oeing  in 'the 
metallic  state ;  for  I  digested  the  residue  in  nitric  acid  without 
any  alteration  in  the  total  weight.  r  •  :  <. 

4.  Foiled  in  both  of  these  modes  of  experimenting,  I  had  re« 
course  to  the  decomposition  of  sulphate  of  zino  by  caAonate 
of  soda.  This  method  came  sufficiently  near  the  truth  to  sa-* 
tisfy  myself  completely  respecting  the  true  weight  of  oxide  of 
zinc  contained  in  a  given  weight  of  sulphate.  Perhaps  the 
most  instructive  analysis  I  can  select  will  be  the  preliminary 
one,  by  which  I  determined  the  circumstance  necessary  to  be 
attended  to  in  order  to  obtain  the  whole  of  the  oxide  of  zino 
from  a  given  weight  of  sulphate. 

(I.)  1  commonly  took  90'625  grains  {five  atoms)  of  crystal- 
lized sulphate  of  zinc  ;  the  smallest  weight  which  I  employ  is 
0*01  grain.  I  weighed  out  commonly  90*63  grains  of  sulphate 
of -zinc^  and  afterwards  checked  this  analysis  by  another,  in 
-which  the  weight  of  the  salt  was  90*62  grains.    These  two 


1425^;         Method  of'^afynA^JS^'fyhdk  of  Zinc,  30^ 

analyneft  axlded- together  gave  me  the  qnantity^  of  biddeor  zi)ia 
ia-  181*25  grains  (10  atoiii6)of  sulphate  of  zinc.    It  nvill  far 
stifficient^if  I  state  here  one  of  these  two  analyses. 
.!(2.t)  The  salt  was  weighed  in  a  small  flask  ^  distilled  water ' 
wos'.pomred  into  it,  and  it  was  placed  on  the  sand  bath  tiU  the. 
salt  was  dissolved.    90  grains  (five  atoms)  of  crystallized  car^ 
bcmt^teof  soda^  previously  reduced  to  coarse  powder,   were* 
then  put'  into  the  flasks  and  the  flask  was  gently  agitated  >  tiU/ 
the  whole  of  this  last  salt  had  dissolved.    This  process  waii 
usually  over  in  about  10  minutes,  and  the  temperature:  of  the 
liquid^was  about  70^.    As  the  carbonate  of  soda  dissolved^; 
carbonate  of  zinc  was  deposited  in  white  flocks ;  this  carboaat^ 
wftfs  immediately  collected  by  pouring  the  whcde  contents  os 
1^8  HBask  upon  a  double  filter.    The  carbonate  of  zine  wast 
washed  with  distilled  water  till  the  liquid  that  passed  througkv 
the  filter  ceased  to  produce  any  eflect  on  muriate  of  barytes. 
Tii&  object  of  this  part  of  the  experiment  was  to  ascertain  faow^ 
much   carbonate  of  zinc  would  be  precipitated  from  a  ooM'- 
solution  of  five  atoms  of  sulphate  of  zinc  by  five  atoms  of  -  cav*;' 
bonate  of  soda.  .     " 

The  carbonate  of  zinc  thus  obtained  was  dried  upon  the. filler 
in  a  temperature,  which  never  much  exceeded  2 12°.  It  was  then 
weighed  by  placing  the  balanced  filters  in  the  two  opposite' 
scales  of  the  balance ;  the  weight  in  diflerent  experimentii' 
varied  from  29*3  to  31*03  grains ;  as  much  of  this  caibobate  ai 
possible  was  detached  fi'om  the  filter,  and  after  being  weighed 
in  a  balanced  platinum  crucible  of  a  v6ry  small  size,  was  heated 
to  redness  in  the  flame  of  a  spirit  lamp.  From  the  loss  of 
if^ight  sustained  *  by  the  portion  thus  treated,  it  was  easy  to> 
iafer  how  much  the  whole  carbonate  would  have  lost;  l^ere 
redifitined  20*37  grains ^  of  oxide  of  zinc.  There  was  scarcely 
any  difiSerence  in  the  amount  of  this  weight  in  diflerent  e^jpen-i^ 
ments,  provided  sufficient  care  had  been  taken  not  to  vaiy  the' 
previous  steps  of  the  process.  •'  * 

(3'.)  The  liquid  which  had*  passed  through  the  filter  together* 
witJi  all  the  washings  (properly  concentrated)  was  put  back 
into  the  flask.  It  had  the  property  of  rendering  cudbear  paper 
purple;  but  after  being  boiled  for  about  half  an  hour  it  wair 
capable'  of  reddening  vegetable  blues.  It  was  obvious  front 
this,  that  the  whole  of  the  soda  had  not  united  with 'the  sub 
phurid  acid  of  the  sulphate  of  zinc ;  but  that  this  union  was 
effected  by  half  an  hour's  boiling.  During  the  boiling,  an 
additional  precipitate  fell,  not  in  loose  white  flocks  as  the  .first 
precipitate,  but  in  a  powder  which  was  less  white  ai;idm!ucl£ 
heavier  5^  for  it  fell  much  more  rapidly  to  the  bottom.  The 
liquid  thus. treated  was  thrown  upon  a  double  filter,  and  this 
powder  (6)  remaining  on  the  filter,  was  washed  with  disttllcid 
water  till  the  liquid  ceased  to  affect  muriate  of  barytes. 
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(4.)  All  this  liquid  that  had  passed  through  the  filter  (pro- 
perly concentrated)  was  again  poured  into  the  original  flask, 
and  a  solution  of  carbonate  of  soda  was  added  to  it  till  the 
liquid  contained  a  decided  excess  of  alkali.  This  new  alkaline 
liquid  occasioned  the  appearance  of  a  new  precipitate  which 
was  in  white  light  flocks,  lik«  the  carbonate  of  zinc  which  had 
been  thrown  down  cold.  Afler  this  precipitate  had  subsided, 
the  flask  was  heated  by  a  spirit  lamp  and  kept  boiling  foe  about 
20  minutes  ;  the  whole  was  then  poured  upon  the  same  double 
filter  upon  which  the  second  precipitate  (6)  had  been  collected; 
and  the  filter  was  washed  with  distilled  water  till  it  ceased  to 
produce  any  alteration  on  muriate  of  barytes. 

The  precipitate  collected  on  this  filter  was  now  dried  on  the 
filter  and  weighed.  Its  weight  was  6'07  grains.  After  exposure 
to  a  red  heat  it  was  reduced  to  4-54  grains. 

(5.)  The  liquid  thus  freed  from  all  the  oxide  of  zinc  that  could 
be  thrown  down  by  boiling  was  put  into  a  porcelain  dish,  and 
slowly  evaporated  to  dryness  on  the  sand  bath.  The  dry  resi- 
dual salt  beii^  redissolved  in  water,  a  few  flocks  of  oxide  of  zinc 
separated.  These  collected  and  dried  on  the  filter  weighed  0-44 
grain,  and  when  heated  to  redness  were  reduced  to  0'4i31  grain. 

(ti.)  The  hquid  containing  the  re^dual  sulphate  and  carbonate 
of  soda  was  again  evaporated  to  dryness  in  a  platinum  vessel, 
and  the  dry  residue  exposed  fur  an  hour  to  a  strong  red  heat. 
The  salt  thus  treated  when  dissolved  in  water  deposited  a  few 
black  flocks.  These  being  collected  and  exposed  to  a  red  heat 
in  a  platinum  spoon  became  grey,  and  weighed  0'3  grain.  Being 
digested  in  nitromuriatic  acid,  the  bulk  diminished,  and  a  por- 
tion was  dissolved.  The  solution  was  colourless,  and  was  preci- 
pitated in  white  gelatinous  flocks  by  prussiate  of  potash,  showing 
that  it  was  oxide  of  zinc.  The  undissolved  portion  was  not  Acted 
on  by  any  acid,  but  it  fused  before  the  blowpipe  with  carbonate 
of  soda  into  a  white  globule,  and  the  solution  was  accompBttiied 
with  eflTervescence.  Hence  I  considered  it  as  silica  ;  conse- 
quently the  precipitate  was  silicate  of  zinc,  and  it  cohtained  (M!2 
grain  of  oxide  of  zinc. 

I  do  not  know  the  cause  of  the  black  colour  which  this  poivder 
had  at  first.  It  seems  to  have  been  owing  to  the  presence  of 
some  combustible  matter,  as  it  was  dissipated  by  heat.  The 
platinum  ciiicible  was  covered  with  a  lid  all  the  timfi'  that  tt 
was  in  the  fire,  so  that  no  charcoal  could  have  reached  it  from 
the  fuel.  '" 

The  carbonate  of  soda  used  was  pure,  consisting  ofCfyatals 
picked  with  great  care  from  Mr.  Tennant's  evaporating  paus. 
Hence  I  am  disposed  to  ascribe  the  origin  of  the  silica  to  the 
glass  flask  in  which  the  mixture  had  been  so  long  boiled, 

(7.)  The  solution  from  which  the  silicate  of  zinc  had  been 
deposited  was  neutralized  with  muriatic  acid,  and  thea  mixed. 
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with  a. few  drops  of  hydrcsulphuiet  nf  amoiouia,  and  ti^e  nijxture 
left  to  digest  for  24  hours  in  a  veiy  moderate  heat.,  ,  On  ejta- 
mining  the  flask  coQtainlng  this  mixture  next  day,  I  observed 
a  deposition  of  a  few  dart  coloured  flocks ;  the  supernatant 
liquid  was  drawn  ofl*  with  a  syphon,  and  the  flask  again  ^Mpd 
with  distilled  water,  Kext  day  the  liquid  was  agaia '  drawa.  oif 
^d  fr^^h  distilled  water  poured  in ;  this  proceEs  was  rape&t^d 
t^  ^he  water  drawn  otF  had  hecotuepure;  the  precipit<^te-Was 
iQ^i?^. dried  and  e^iposed  to  a  red  heat  in  a  glass  caps^le;im 
^is  state  it  weighed  O'D  grain:  it  had  a  yellow  colour,,  was 
tasteless  and  flxed  in  the  Are.  Being  digested  in  nttroinu- 
riatic  acid  it  slowly  dissolved,  leaving  a  portion  of  sulphur. 
The  solution  was  precipitated  white  oy  muriate  of  baiytes, 
and  in  white  gelatinous  flocks  by  pruasiate  of. potash.  ..Hence 
it  consisted  of  sulphuric  acid  and  oxide  of  zinc.  From,  this  it 
is  obvious,  that  the  yellow  matter  was  sulphuret  of  zijic;  and 
it  must  have  contained  the  equivalent  of  U'65  grains  of  oxid^ 
of  zinc.  mia 

(8.)  If  we   collect  all  the  oxide  of  zinc  obtained  JU  tbsJMfl 
diflerent  processes,  we  shall  find  them  as  followe:  .  -:.c\%4  T 

flraShi."  "■'^'^1 

From  the  carbonate 30'37  \ 

Thrown  down  by  boiling 4-54  Wi 

Obtained  by  evaporating  to  dryness.     0'431  "^^  f 

From  the  silicate  of  zinc 0'22  *'  «  ■ 

From  the  sulphuret  of  zinc 0*66  " '»  J 

Total 26-211  .  A  -f 

Ljfow  26-211  divided  by  5,  gives  5-245  for  the  quantity'o 
^de  of  zinc  contained  in  18"125  grains  of  sulphate  of  zioo^" 
„  According  to  this  determination,  the  atomic  weight  of  oxi|ae 
of  zinc  is  5-245 ;  this,  I  am  persuaded,  is  about  -piW^  V^^ 
below  the  truth  ;  I  believe  that  in  the  precediug  analysis  I 
lost  0-039  grain  of  oxide  of  zinc,  which  constituted  abouJ,.g^ 
part  of  the  whole.  The  loss  I  conceive  to  he  owJDg  to  to^ 
want  of  a  substance  capable  of  precipitating  the  whole  of  the 
oxide  of  zinc  from  its  solution  in  sulphuric  acid.  Carbonate  of 
soda  does  not  throw  it  down  completely ;  aud  I  can.  atfirm  from 
experiments  made  with  care,  that  hydro sulphmret  of  ammonia 
likewise  acts  imperfectly. 

My  experiments,  though  numerous,  never  gave  me  more 
oxide,  of  zinc  from  18- 1 25  of  sulphate  than  5-245  grains  of  oxide 
of  zinc.  But  this  quantity  I  can  always  get  when  I  take  the 
requisite  pains. 

5.  I  have  detailed  rather  minutely  my  mode  of  determining 
the  water  and  oxide  in  sulphate  of  zinc;  but  it  wfll  not  be 
necessary  to  describe  with  equal  minuteness  the  method  foU 
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lowed  to  determine  the  quantity  of  sulphuric  acid.  The  process 
has  been  already  given  in  the  Annals  of  Philosophy,  vol.  i. 
p.  246,  New  Series.  It  consisted  in  dissolving  18-125  grains 
of  sulphate  of  zinc,  and  13*25  of  chloride  of  barium  in  as  little 
water  as  possible,  mixing  the  solutions ;  and  after  the  sulphate 
of  barytes  has  subsided,  testing  the  clear  supernatant  liquid 
with  muriate  of  barytes  and  sulphate  of  soda,  and  finding  that 
the  liquid  is  affected  by  neither.  From  this  experiment  I  con- 
cluded, that  18*125  grains  of  sulphate  of  zinc  contain  exactly 
five  grains  of  sulphuric  acid. 

I  made  an  experiment  on  purpose  to  ascertain  how  small  a 
portion  of  sulphuric  acid  could  be  detected  in  water  by  this 
method.  One  grain  of  glauber  salt  being  dissolved  in  12000 
grains  of  water,  I  found  that  the  solution  was  distinctly  pre- 
cipitated by  muriate  of  barytes.  Now,  one  grain  of  glauber 
salt  contains  rather  less  than  ^th  ^ain  of  sulphuric  acid.  The 
liquid  in  which  I  had  dissolved  the  18*125  grains  of  sulphate 
of  zinc  and  13.25  grains  of  chloride  of  barium  did  not  amount 
to  so  much  as  500  grains ;  hence  had  so  much  as  -^th  of  a 
grain  of  sulphuric  acid  remained  in  solution,  it  would  have  been 
rendered  visible  by  the  muriate  of  barytes  dropt  into  the  liquid. 
I  was  sure,  therefore,  from  this  experiment,  that  the  sulphuric 
acid  in  18*125  grains  of  sulphate  of  zinc  is  not  less  than  five 
grains,  and  not  so  much  as  5*01  grains.  There  could  be  no 
hesitation  in  concluding  that  the  exact  quantity  was  five,  espe- 
cially as  this  is  thie  atomic  weight  of  sulphuric  acid. 

Knowing  thatl8i25  grains  of  sulphate  of  zinc  contain  five 
grains  of  sulphuric  acid,  and  that  the  oxide  of  zinc  is  not  less 
than  5*245  grains,  and  the  water  not  so  much  as  8*16  grains ;  and 
l^jiowing  farther,  that  the  water  in  crystallised  salts  constitutes 
a  certain  number  of  atoms,  and  that  the  atom  of  water  weighs 
hlUS ;  there  was  no  longer  any  difficulty  in  determining  the  true 
atomic  weight  of  oxide  of  zinc,  and  the  exact  quantity  of  it 
contained  in  18^125  grains  of  sulphate  of  zinc. 

■Let  the  atom  of  oxide  of  zinc  =  x,  and  let  18*125  SHlph«Lte-of 
zinc  be  a  compound  of 

■;■■'•'■■ 

1  atom  sulphuric  acid  =5 

1  atom  oxide  of  zinc    =  a? 

7  atoms  water =  1*125  y 

We  have  5  +  x  +  M253(  =  18-125 

We  know  that  x  is  not  less  than  5*245,  and  that  y  is  more  than 
6,  and  not  more  than  7.     If  we  make  ^  =  7,  then  we  have 

5  +  7*875  +  a?  =  18*125,  and  consequently 
X  =  18*125  -  12*875  =  5*25. 

Nor  can  any  numbers  be  substituted  for^  and  x  consistently  with 
the  precediBg  experiments^  except  7  and  5*25, 
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These  were  my  reasons  for  pitching  upon  5'26  as  the  atomic 
weight  of  an  atom  of  zinc.  I  consider  tne  analysis  by  means  of 
chloride  of  barium  as  the  experimentum  crucis  from  which, 
knowing  by  approximation  the  quantity  of  water  and  oxide  of 
zinc,  we  can  determine  the  amount  of  each  with  mathematical 
accuracy.  The  uncertainty  respecting  the  quantity  of  sulphuric 
acid  may  be  reduced  almost  without  limit  by  concentrating  the 
liquid  before  applying  the  test  of  muriate  of  barytes ;  and  I  made 
myself  certain  tnat  the  error  which  I  could  have  committed  did 
not  amount  to  toW^^  ^^*  grain  by  that  method. 

6.  Paving  determined  the  composition  of  sulphate  of  zinc  in 
the  ^ay  just  stated,  t  calculated  the  composition  of  carbonate  of 
zinc,  as  given  in  page  60  of  my  late  work,  in  this  way.  The  car- 
bonate of  zinc  obtained  by  precipitation  from  90*63  .grains  of 
sulphate  of  zinc,  weighed  31*03  grains,  and  was  compo'sed  of 

Oxideofzino 20f37orfr26. 

Carbonic  acid 10*66      2-747     ... 

31-03      .  ' :.       .    . 

"Now  2*747  approached  so  near  2-76,  which  I  knew  td  be  the 
atomic  weight  6i'  carbonic  acid^  that  I  considered  n^yself  entitled 
to  consider  the  carbopate  of  zinc  when  anhydrous  as  a  com- 
pound of 

1  aton^  oxid,e  of  zinc « *•••••  5*3$ 

1  atom  carbonjc  acid  •  •  ^  •  • «...  2*75 

8-00 

I' thought  it  better  xnetely  to  state  the  general  resulte  in  my 
f^relinainQry  chapters^  than  to  enter  into  tedious  details.  Who- 
ever  will  take  the  trouble  to  repeat  the  analyses  which  I  have 
•  given  ^with  the  requisite  care  will  obtain  results  inot  deviating 
more  than  .^-^ig^th  part  from  those  which  I  have  ^ven.  ..X«m 
•afraid  that  in  actual  analyses  we  can  seldom  come  iieareji  the 
truth,  except  indeed  by  peculiar  contrivances,  soma  of  whioh  I 
employed  in  determimng  the  fundamental  points  of  the  atomic 
weights  of  bodies. 
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Article  XII. 

On  the  Mathematical  Principles  of  Chemical  Philosophy* 

By  the  Rev.  J.  B.  Emmett. 

(To  the  Editors  of  the  Annals  of  Philosophy.) 

GENTLEMEN,  Great  Ousebum,  Sept.  7,  1825. 

SiNCB  the  discovery  of  galvanism^  the  powers  of  electricity 
as  a  chemical  agent,  have  been  clearly  made  out,  yet  this  part  of 
science  is  not  fully  developed;    every  fact,  therefore,  which 
throws  any  light  upon  the  subject  is  of  importance,  since  from 
phenomeba-we  discover  the  laws  of  nature. 
'   TU6^^  tiodies  which  can  enter  into  chemical  union,  stand  in 
diffefeliit  dectrical  relations  to  each  other;  when  a  compound  is 
exposed  to  the  action  of  the  galvanic  series,  its  elements  are 
separated  flr^to  each  other;  oxygen  and  acid  matter  generally 
teftd  to  the  positive    pole,  whilst  hydrogen  and  inflammable 
matter  appear  at  the  negative.     Hence  philosophers  generally 
e)tplaifil  chemical  combination  and  decomposition  upon  the  prin- 
^iples   of  electrical  attraction  and  repulsion:  ana  the  theory 
most  generally  received  is  that  the  ultimate  particles  of  matter 
possess^  certain    electrical   energies,    which    are    immutable ; 
exygett;^  upon  this  hypothesis,  is  highly  negative,  and  all  acids 
posseafthe  negative  energy  in  dimrent  degrees  of  intensity; 
whilst  inflammable  bodies  and  bases  have  various  degrees  of 
positive  energy ;  hence,  since  there  is  an  attraction  between  two 
Dbdies,  when  one  is  in  a  positive  and  the  other  in  a  negative 
state,  oxygen  can  combine  with  inflammable  mat(er/and' acids 
with  the  diiferent  baises  ;  also  since  oxygen  is  negatit^/'it  wiU 
tend  to  the  positive  pole,  cmd  inflammable  bodied ^ft'ftr)rftnge^ 
themselves  at  the  ne^tive.     Chemical  philosopfheite^iu*e^1iot. 
agr€!ed.respe<3ting  the  existence  of  electric  energies,  ahdwftudi,^* 
is'^e' present  i^tate  of  science,  it  is  impossible  to  j^et4hef'^ulj^^^ 
tien  dt'^est;  reasons,  almost  of  ecjual  weight  may  b^'adVi^^t^: 
ifllEfuppoitof,  and  against  their  existence.'  :  v:;.r  -oikJ 

'  Thfet  the  elementary  particles  of  matter  may  havi^'^elni^ai^d? 
energies,  appears  from  manj^electrical  facts:  fey  a*^  ifefWkvsrik- 
ribbon  upon  a  white  one,  and  excite  theni,  by  dttiyifi^  i^^in^ 
tftfofttgfc  any  soft  exciting  substance;  no  signs,  of  at-aaollj? wry 
fefebfe-onfete,  of  excitation  will  appear ;  separate  thete,  %hdtb€jP 
n^l  pdssess  thfe  ppposite  states  of  dectricity;  repSfal^ntB^^ 
and  the  electricity  disappears;  and  on  separating yti^te^fl^k)^ 
thetii  alternately,  the  signs  of  electricity  may'be'exlfiMK)t}''w 
stippressed  m^ny  tiihes  with  one  excitation.  Thefi^^^l^etidn^^ 
mifi  be  exhibited  by  all  nVm- Conducting  sub6tanefe¥^--bti#='tf 
eb»idtictorft;be  insulated,  and  electrified  with  the  oJ)i)cfeittf{)o?^^&Nfe^. 
o£f  bHngilig^  thetid  together^an  e^nihlmuDl  l^^^todi^d^-^^it^  im 
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separating  them,  they  show  either  no  signs  of  electricity,  or  are 
electrifted  with  the  same  power.  The  cause  of  this  difference 
is  by  no  naeans  apparent ;  the  po-wer  of  induction  is  sometimes 
conjured  up  to  account  for  such  phenomena  as  these ;  however, 
this  is  only  to  hide  a  difficulty  under  a  name  of  very  doubtful 
meaning  and  uncertain  appHcation.  However,  if  such  energies 
exist,  and  be  the  cause  of  chemical  changes,  they  must  remain 
permanently  and  unchanged,  after  combination,  as  they  con- 
tinue in  the  case  of  the  ribbons  ;  for  then  the  attraction  is  per- 
manent, and  no  electricity  appears;  for  if  they  be  not  unchange- 
able, as  the  particles  of  matter  themselves,  then,  as  in  the  case 
of  conductors,  contact  produces  an  equiUbrium,  and  there  is  no 
attraction.  If  then  energies  do  exist,  the  particles  of  all  bodies, 
even  of  metals,  must  act  upon  each  other  as  non-conductors ; 
this  may  possibly  be  the  case,  for  the  conducting  or  the  electric 
power  of  bodies  is  not  inherent  or  permanent;  glass,  when 
heated  to  redness  is  a  conductor ;  ice  cooled  considerably  below 
zero  is  a  non-conductor :  this  property  of  bodies,  therefore, 
depends  upon  something  foreign ;  yet  it  is  difficult  to  imagine 
how  the  particles  of  metals  can  act  upon  each  other  as  non- 
conductors; and  if  energies  exist,  this  must  be  the  case.  J^lso 
if  electric  energies  be  the  cause  of  chemical  combination,  it 
follows  that  no  solid  can  be  a  simple  substance,  exoept  we  sup- 
pose one  force  to  produce  cohesion,  and  another  chemical 
attraction;  such  a  supposition  is  inadmissible,  because  we  have 
no  evidence  of  the  existence  of  such  forces ;  and  likewise  elec- 
trical repulsion  (a  doubtful  power)  is  generally  supposed  to  be 
as  powerful  as  attraction,  intensities  being  equal ;  the  force  of 
chemical  attraction  is  usually  more  powerful  liian  that  of  cohe* 
sion  ;  therefore  the  action  of  electric  energies  must  prevent  any 
simple  substance  from  assuming  a  soUd  form.  Other  philoso- 
phers suppose  the  existence  of  such  a  relation-  of  chemical 
attraction  to  electricity,  that  the  intensity  of  the  chemical  attrac- 
tion of  the  particles  of  matter  determines  their  place  in  tlie 
gtdvaaic  series  j  if  this  be  the  case,  the  electrical  rehitions  of 
bodies  may  be  taken  as  the  measures  of  their  chemical  action. 
Tfiis. supposition  is  more  free  from  hypothetical  views  than  the 
other,  .:aud  is,  therefore,  entitled  to  preference  mitil  our  know- 
l^ds^  shall  be  more  precise. 

,.  Evety  relation  oi'  analogy  that  can  be  clearly  and  definitely 
made  out  between  the  force  of  gravity,  chemical  attraction, 
caloric,  and  electricity,  is  of  the  utmost  importance  to  science, 
because  only  by  such  facts  can  the  laws  of  chemical  action  be 
developed.  Hitherto  chemistry  and  the  mathematical  sciences 
have  been  entirely  insulated ;  but  such  is  the  precision  of  its 

Shfenomena,  that  the  laws  by  which  chemical  changes  are  pro- 
uced  must  be  as  definite  and  as  susceptible  of  geometrical 
iare8tigati(»i  as  those  which  aie  displayed  id  the  solar  system. 
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To  Buppo^  eteiry  chemical  change  susceptible  of  mathematical 
demonstratioh  trould  be  extravagant ;  but  that  the  laws  of  action 
may  be  made  out  may  be  fairly  supposed  ;  it  receives  the  sanc- 
tion of  the  immortal  Newton^  than  whom  a  more  competent 
judge  netfeir  existed,  although  chemistry  had  scarcely  begun  to 
assume  the  form  of  a  science  in  his  days :  his  opinion  (and  the 
Opinion  df  such  a  man  ought  to  have  great  weight),  may  be 
collected  fi*om  the  following  part  of  the  preface  to  his  Principia; 
-^'^  Utinam  cetera  natursB  pnaenomena  ex  principiis  mechanicis 
eodem  argumentandi  generi  licereL  Nam  multa  me  movent^  ut 
tK)nnihil  saspicer  ea  omnia  ex  veribus  quibusdam  pendere  posse, 
qnibns  corporum  particulss  per  causas  nondum  cognitas^  vel  in 
se  mutuo  impeUnntur^  et  secundum  figuras  regulares  coheerent^ 
Tel  ab  invicem  fugantur  et  recedunt;  quibus  viribus  ignotis; 
philbsophi  hactenus  naturam  frustra  tentarunt.  Spero  autein 
quod,  vel  huic  philosophandi  modo,  vel  veriori  alicui  principisl 
bio  poiita  lucem  aliquam  prasbebunt/' 

Analogy  1  .-^The  most  inflammable  bodies  have  the  least  forc^ 
of  ^ttrodtimi  to  the  earth. 

'  In  a  former  communication  I  demonstrated  that  the  diameter 
of   a   particle    of  any  simple  substance  is    proportional  to 

A  /  Az iz— -^ ;  the  body  beins  in  its  most  dense  solid  state  : 

y/   specmcgraTity  '  J  a 

also,  that  if  the  force  of  attraction  of  an  ultimate  particle  of 
matter  belong  to  the  entire  mass  of  the  atom,  the  intensity  of  its 
force  of  gravity  is  proportional  to  its  specific  gravity,  if  the  parti- 
cles of  solids  be  always  similarly  situated ;  but  that  if  it  belong 
to  the  surface  only,  to  which  opinion  I  incline,  for  many  cogent 
reasons,  the  same  force  is  proportional  to  specific  gravity  x 

diameter  of  a  particle,  or  to  its  equal  ^/  |  atomic  weight  x  {spe- 
cific gravity}^  \ .     By  this  attraction  I  do  not  understand  the 

entire  gravitation  of  a  particle,  which  is  the  product  of  the  inten- 
sity of  the  force,  and  the  square  of  the  diameter,  or  cube  of  the 
diameter,  according  as  the  force  belongs  to  the  surface  or  the 
solid  content  of  an  atom ;  but  the  intensity  only  of  the  force,  or, 
as  it  may  be  called,  the  density  of  a  particle.  The  following 
table  gives  the  force  of  some  of  the  chief  undecomJ)ounded  sub- 
stances; tlie  atomic  numbers  are  from  Brande's  Manual.  The 
gaseous  bodies  ought  to  be  included,  but  at  present  the  data  are 
insufficient. 

Force. 

Gold 78-3773 

Silver 62-6365 

Copper 39-6736 

•  irtii. .;' 34-6064 

'    ''     '  li^^'.  .'■•'... ■..;^.. :...-. 55-6248'^-        • 
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Zinc 27-8530 

Phosphorus 7-4641 

Sulphur 9-2355 

Carbon 1-5560? 

to  6-5450? 


I 


In  the  present  state  of  science,  these  numbers,  as  well  as  others 
that  1  have  made  public,  are  but  approximations ;  for  in  deduc- 
ing them,  the  particles  of  all  solids  must  be  supposed  to  be  simi- 
larly situated,  which  is  not  the  case ;  and  until  the  primary  laws 
are  fully  developed,  their  relative  positions  in  difi'erent  'sohds 
cannot  be  determined.  By  inspecting  the  table,  which  naight 
have  been  much  enlarged,  it  appears  that  the  most  inflammable 
bodies  have  the  least  force  of  attraction  of  gravitation ;  whilst 
gold,  silver,  and  lead,  have  great  forces,  and  are  scarcely  inflam- 
mable: iron,  tin,  and  zinc,  are  very  inflammable,  and  have 
smaller  forces  ;  and  phosphorus,  sulphur,  and  carbon,  have  very 
small  forces,  and  are  very  highly  inflammable.  If  the  order  of 
specific  gravity  be  compared  with  that  of  iuflammahiiity,  the 
same  analogy  nearly  is  observed  5  and  could  we  dJECover  httw 
far  the  specific  gravity  is  affected  in  every  particular  case  by 
difFerencBB  in  the  arrangement  of  the  particles  of  diiferent  Sub- 
stances, the  coincidence  would  in  all  probability  be  much  closer. 

Analogy  2. — Those  substances  whichdiffermost  from  oxygen 
in  electrical  relation  have  ihe  smallest  force  of  gravity.  In  all 
galvanic  decompositions,  oxygen  appears  at  the  positive,  and 
inflammable  matter  at  the  negative  pole ;  those  bodies  which  are 
moat  remote  from  oxygen  in  the  galvanic  series  have  the  most 
powerful  attraction  for  it:  by  the  last  analogy  these  are  the 
substances  which  have  the  least  intense  attraction  of  gravita- 
tion. From  the  experiments  of  Sir  H.  Davy  and  lathers  (Phil. 
Trans.  1807),  when  sulphur  is  separated  from  contact  with  a 
metallic  plate,  it  is  in  a  positive,  and  the  metal  in  a  negative 
state  of  excitation.  Also  phosphorus  separates  most,  and  char- 
coal many  metals  from  their  acid  solutions  ;  and  from  their  gene- 
ral galvanic  relations,  they  undoubtedly  stand  above  zinc'.ia 
order  of  galvanism. 

Since  then  those  substances  have  the  least  intensity  of  attrac- 
tion to  the  earth  which  tend  most  powerfully  to  the  negative 
pole,  or,  which  is  the  same  thing,  which  have  the  greatest  attrac- 
tion for  oxygen,  either  there  is  a  remarkable  accidental  coinci- 
dence, or  tne  tendency  of  bodies  to  the  poles  of  the  galvahiii 
series,  is  determined  by,  or  determines  their  teudency  to  the 
earth.  To  suppose  it  accidental,  since  it  extends  to  all  bodies 
of  which  we  have  sufficient  data,  would  be  extravagant;  for  in 
all  branches  of  science  we  are  led  by  phenomena  to  a,  knowledge 
of  the  laws  of  action.  To  deny  the  validity  of  evidence  of  this 
aort  wonli^betotake  ttwt^  the  foiiQdati(Hi  of  everf[4>raBcli  of 
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natural  philosophy.  Supposing  the  particles  of  matter  to 
possess  immutable  electrical  energies,  one  of  these  conclusions 
must  follow ;  either,  first,  the  earth^s  attraction  is  made  up  of 
the  sum  of  the  energies  of  all  its  component  atoms ;  then  on 
the  principles  of  electrical  attraction,  those  bodies  which  differ 
most  in  energy  from  oxygen  differ  least  from  the  mean  energy 
of  the  earth.  Or,  secondly,  the  force  which  determines  the 
place  of  a  body  in  the  galyanic  series,  and  which  seems  to  be 
the  same  with  chemical  attraction,  bears  such  a  relation  to 
gravity,  that  those  bodies  which  differ  most  from  oxygen  in 
electrical  relation  have  the  least  tendency  to  the  earth.  The 
second  conclusion  seems  to  follow,  if  electrical  energies  do  not 
exist ;  it  appears  to  be  the  most  probable,  and  may  be  safely 
assumed,  because  it  involves  no  hypothetical  views,  being  but  a 
bare  statement  of  observed  phsenomena. 

Analogy  3. — The  most  inflammable  bodies,  i.  e.  those,  which 
have  the  least  force  of  attraction  of  gravity,  have  the  least 
atomic  capacities  for  heat.  The  atomic  capacity  =  capacity  of 
a  given  weight  x  atomic  weight.  The  following  table  exhibits 
the  atomic  capacities  of  some  undecompounded  substances : 

Atomic  capacity. 

Gold 0-64 

Silver , ; 1-07 

Copper 0-88 

.    Iron 0-89 

Lead 0-52 

Tin 0-52 

Zinc 0-44 

Sulphur 0-38 

Carbon 0-20 

Mercury I'OO 

Nickel 0-37 

Antimony 0*36 

Bismuth 0-36 

The  numbers  in  this  table  do  not  follow  the  precise  order; 
for  the  atomic  weights  are  not  only  uncertain  in  some  degree, 
but  ¥he  capacities  for  he^t  of  the  metals  are  by  no  means  deter- 
mined to' ally  thing  like  precision.  Capacities  determined  by 
different  chemists  are  exceedingly  variable  ;  however  the  analogy 
is  evident  in  non-metallic  bodies.  In  this  and  all  other  tables,  1 
have  used  *the  experiments  of  others  in  every  case.  In  the 
calculations,  the  extreme  numbers  have  been  employed  ;  and  the 
minor  differences  are  amply  sufficient  to  interrupt  the  order  very 
considerably.  If  the  a:tomic  capacities  of  all  the  solids  supposed 
to  be  simple  be  compiled,  the  analogy  will  be  found  to  apply  to 
|dl,  although  tber^^^.sp^U  differences  in  the  case  of  some  of 
ibe  inetals;  lirtucn  xadsi  probably  arise  from  imperfect  <  data. 
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Hence  those  bodies  whose  electrical  relation  is  the  moat  remote 
from  oxygen,  or  which  tend  most  powerfully  to  the  negative  pole 
of  the  galvanic  series,  or  which  have  the  least  tendency  to  the 
earth,  have  also  the  smallest  atomic  capacities  \  also  the  electri- 
cal relation  of  oxygen  is  opposite  to  that  of  caloric,  or,,  in  other 
words,  the  bodies  which  approach  moat  nearly  to  oxygen  in 
electrical  relation,  have  the  greatest  attraction  for  caloric  ;  and, 
therefore,  the  atomic  capacities  of  oxides  are  greater  than  those 
of  the  metals. 

If  the  specific  ^avities  be  compared  with  the  table,  the.  same 
order  nearly  ia  observed ;  but  since  we  do  not  know  the  relative 
arrangements  of  the  particles  of  different  substances,  we  are 
obliged  at  present  to  consider  them  always  similarly  situated ; 
this  may  cause  a  difference  of  about  one-third  the  specific 
gravity. 

Analogy  4. — Those  atoms  which  evolve  most  heat  during 
their  combination,  are  generally  the  lightest.  By  inspecting 
tbe  table  of  forces,  carbon,  sulphur,  and  phosphorus,  which 
have  the  smallest  forces,  evolve  more  heat  thau  zinc,  tin,  or 
iron,  whose  force  is  greater ;  and  these,  more  than  copper, 
silver  and  gold.  Lead  forms  an  exception,  and  in  fact  the  only 
exception,  in  every  case.  Until  more  shall  be  known  of  the 
laws  by  which  combination  is  effected,  we  need  not  be  surprised 
if  disagreements  appear,  for  oxygen  in  combination  does  not 
always  possess  the  same  specific  gravity;  in  the  glass  of  an- 
timony its  specific  gravity  is  2-2 1  ;  iu  phosphoric  acid  o'l ;  in 
oxide  of  arsenic  1'4 ;  in  red  lead  15-2 ;  oxide  of  manganese  3'1 
or  2'7 ;  red  copper  ore  1'47  ;  iron  mica  TSS.  Therefore  more 
caloric  remains  in  combination  with  the  oxygen  in  some  com- 
pounds than  in  others.  The  results  deduced  from  the  best 
data  which  are  before  the  public,  are  not  so  coincident  as 
might  be  desired ;  for  not  only  are  the  capacities  for  heat  and 
the  atomic  weights  variously  ascertained,  but,  as  I  remarked  in 
a  former  communication,  the  specific  gravities  of  porous  bodies 
are  very  incorrect,  owing  to  tbe  manner  in  which  they  are  as- 
certained ;  and  lest  1  should  seem  to  arrogate  the  ability  of 
deciding  those  numbers  on  which  the  most  eminent  chemists 
are  not  agreed,  or  of  deducing  conclusions  from  my  own  ex- 
periments, calculated  to  favour  the  principles  I  advance,  1  have 
notai^ued  from  them  in  any  instance,  but  have  taken  those  of 
the  most  eminent  modern  chemists.  The  great  apparent 
density  of  oxygen  in  phosphoric  acid  appears  to  arise  from  a 
peculiarity  in  the  texture  of  phosphorus:  its  density  may  be 
considerably  increased  by  compression ;  and  therefore  the 
oxygen  must  appear  to  have  more  density  in  the  acid  than  it 
'     ially   has;   its  gravity  was  computed   by   tbe  following  for- 


iaulx  ;  specific  gravity  of  oxygen  in  an  oxide  : 


^tw+fi)  xa-m,. 


378 


Rev.  Mr.  Emmett  on  the 


[Nov. 


iii  which  m  is  the  weight  of  the  metal ;  w,  that  of  oxygen ;  a  the 
specific  gravity  of  the  metal^  and  c  the  specific  gravity  of  the 
compound.  From  this  the  reason  is  evident,  why  the  oxygen 
in  some  oxides,  as  that  of  mercury,  gold,  silver,  the  peroxide  of 
liead,  is  highly  energetic,  whilst  in  others,  as  protoxides  of  iron, 
manganel^e,  potassium,  &c.  its  power  as  a  supporter  of  com- 
bustion is  scarcely  sensible.  The  conclusions  here  drawn 
depend  not  upon  any  hypothetical  views ;  they  are  merely  de- 
ductions from  observed  phenomena :  I  have  no  desire  to  insti- 
tute any  researches  into  the  nature  of  electricity  or  gravity ; 
because  in  all  probability  we  shall  never  know  more  of  them  than 
y^e  do  at  present;  and  if  known,  perhaps  science  would  receive 
but  little  benefit  from  the  discovery;  I  have  endeavoured 
simply  to  ascertain,  from  phenomena,  their  relative  effects  as 
chemical  agents.  Another  law  of  chemical  action  merits  at- 
tention :  in  general,  a  simple  substance  will  not  combine  with 
a  compound.  No  simple  substance  is  soluble  in  water ;  the 
small  quantity  of  oxygen,  hydrogen,  or  azote  that  is  frequently 
found,  cannot  be  regarded  as  chemically  united.  Chlorine  is 
soluble  :  but  its  elementary  nature  is  very  doubtful ;  it  certainly 
has  never  been  proved ;  its  high  atomic  number  is  against  the 
idea ;  for,  the  metals  excepted,  together  with  iodine,  which  is 
in  the  same  predicament  as  chlorine,  elementary,  or  rather  un- 
decompounded  substances,  have  very  low  numbers.  The  solu- 
tions of  sulphur  and  phosphorus  in  oils  or  ether,  or  the  sulphu- 
rets  of  alksdis  are  not  exceptions,  because  decomposition  ac- 
companies the  solution.  There  are  certainly  triple  compounds, 
particularly  in  animal  and  vegetable  substances,  which  seem  to 
be  exceptions  ;  but  this  is  a  class  of  phenomena  of  a  different 
nature  ;  three  atoms  of  different  substances  may  be  combinedi- 
as  in  the  prussic  acid ;  but  we  find  that  generally  a  simple  or 
undecompounded  substance  cannot  be  united  directly  to  one 
that  is  compound.  It  is  of  importance  to  determine  experi-. 
mentally,  the  law  of  repulsion  iti  gases ;  two  gaseous  particles- 
repel  each  other  with  a  force  which  is  veiy  nearly  as  the.  dis«» 
tance  inversely  (Newton's  Principia,  Ub.  2,  prop.  23.)  This  i^ 
the  aggregate  effect  of  the  force 
between  the  particles,  but  it  is 
not  the  variation  in  the  elastic 
force  of  the  calorific  atmosphere. 
Let  P  and  p  be  two  particles  of  a 
gas  ;  bisect  Vp  in  A ;  and  through 
A  pass  a  plane  D  A  H,  perpendi- 
cular to  P  p,  which  divides  the 
calorific  atmospheres,  and  there- 
fore in  which  the  repulsive  force 
i^  i^xerted.  Take  E  indefinitely 
Hear  to  D :  join  P  D,  P  £ ;  and  with  the  centre  A  nhd  f&dii 
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A  D,  A  E,  describe  two  circles  :  the  space  between  the  circles 
will  be  an  annulus,  whose  breadth  is  I)  .E.  Let  the  repulsive 
force  at  any  point  D  in  the  annulus  be  D  P*.  The  force  of  the 
annulus  unresolved  will  be  D  P*  x  area  of  the  annulus. 
Through  any  other  point  B  in  Pjp,  pass  a  plane  similar  and 
similarly  situated  to  th^  former;  when  the  distance  Pp becomes 
2  P  B,  the  plane  E  B  F  will  divide  the  calorific  atmospheres, 
because  the  angle  DP  A,  and  therefore  2 D  P  A  is  constant; 
therefore  BF  :  AD  ::  PB  :  P A,  With  radius  BF  and  centre 
B  describe  a  circle,  also  with  Radius  BG.  The  force  of  this 
annulus  is  as  FP*  x  area  of  the  annulus.  Since  the  forces  are 
similarly  resolved,  the  resolution  may  be  neglected ;  !A    '-, 

and  force  at    F     :  force  at    D     ::  P  D*  :  P  F*  ' 

and  annulus  F  Gf  :  annulus  D  E  ;:  P  F^  ;  P  D^ ;  therefore, 

force  of  annulus  P  GTTthat  of  annulus  D  jrirP~D"~»TPl>^^  it 

11'  '     ■ 

p  pi  — a     •    PD«~a  • 

And  since  the  two  planes  may  be  divided  into  the  same  num- 
ber of  similar  and  similarly  situated  annuli,  of  which  the  forces 
have  all  the  same  ratio  to  each  other,  the  entire  forces  have  the 
same  ratio.  But  at  the  same  temperature,  the  whole  force 
between  two  adjacent  particles  of  a  gas  is  very  nearl;^  pi*d- 
portional  to  the  distance  between  them   inversely ;"  therefore 

TW  •  PD  ••  PF"~^  •  i^D"-«  ^  thence  w=  3  ;  or  the  elastic  force 
of  the  calorific  atmosphere  is  very  nearly  proportional  to  the 
cube  of  the  distance  inversely ;  which  is  the  ratio  nearly  of  the 
difference  between  the  attractive  force  and  the  repulsive  powet 
of  caloric.  The  rate  of  expansion  of  gases  by  heat  has  been  ' 
obscurely  expressed  by  most  chemists :  they  lay  down  as  the 
datum,  that  the  change  of  temperature  of  one  degree  produces  a 
change  of  the  -j-J-o^th  part  of  the  volume  of  a  gas;  and  yet  the 
differences  of  temperature  being  equal,  the  volumes  giveii  iri 
their  tables  are  in  arithmetical  progression.  Let  V  be  the  tblume 
of  a  gas,  at  any  temperature  A  ;  let  the  increments  of  tempera- 
ture be  fir,  2  fif,  3flr,  &c.  Then  at  temperature  A,  voltime  ±=i  V; 
when  the  temperature  becomes  A   -f   cr,  let  the  volume  be 

increased  by  -  ;  then  at  temperature  A  +  a,  the  volume  is 
^i-  V ;  at  temperatute  A  -r  2  a,  it  is  J^  I    V ;  at  A  +  5  a,  it . 

is    ^^  ^  ^  V ;  at  A  +  mfir,  it  is  |^ (  ^  ^  '  which'  is  a  geo>^ 

metric  series,  ifa  which  —  is  the  common  ratio.    By  helpr  off 

this  formula  may  be  found  the  elastic  force  of  a  cohfi,ned  portion 
of  gas  at  different  temperatures.  Let  thev  temperatures  and 
volumes  be  the  sAme  as  befbre :  when  the  teppeiat^re. .   ...   .,, ;,; 
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is  A,  let  th^  volume  =  V ; 
atA  +  a,  letitbe   =^V; 

atA+2fl, =  1^^!'^; 

atA  +ma =  jlilipV. 

Since  the  elastic  force  is  balanced  by  the  pressure  of  the 
atmosphere,  which  is  supposed  to  be  constant,  the  elasticity  of 
the  expanded  gas  is  constant    Whilst  the  tempemtures  are  A, 

A  +  «,  A  +  2a,  &c.  suppose  the  volumes  *^  V,  J^^j    V, 

&c.  be  compressed  till  they  occupy  the  same  space  V ;  the  elas- 
tic force  is  nearly  proportional  to  the  density,  i.  e.  inversely  as 
the  volume  ;  therefore,  at  A  +  a,  the  elastic  force  before  com- 
pression :  that  after  it  ::  — - —  :  -  ::  -^  :  1  ::  n  :  n  +  1  at 

ft 
A   +   2  a,  elasticity  before    compression   :    that  after  it  :: 

^, ,  ^  :  1  ::  «*  :  w  +  1*  :  which  also  is  a  geometrical  series. 

Therefore,  if  a  confined  portion  of  a  gas  be  heated,  the  tempera- 
ture is  proportional  to  the  logarithm  of  the  elastic  force  ;  or  if  it 
be  under  a  constant  pressure,  the  temperature  is  the  logarithm 
of  the  volume.  These  conclusions  depend  upon  the  hypothesis 
that  the  elastic  force  of  a  gas  is  proportional  to  its  density, 
which  is  not  quite  correct ;  but  when  the  change  of  temperature 
is  hot  very  great,  it  is  an  approximation  sufficiently  exact  for  all 
practical  purposes. 

The  ratios  of  the  calorific  atmospheres  of  dififerent  bodies  may 
be  found  as  follows:  Take  D  proportional  to  the  distance 
between  two  adjacent  particles  in  a  solid,  i.  e.  to  thq  atomip 
di^fli'eler :  heat  the  substance  until  it  fuses :  let  this  di^tanee  be 
!>''+  w;  heat  it  until  the  distance  is  increased  by  ahy^lcnowa' 

quantity  pn;  the  densities  are^,  ;^^—^,f  (dT^   '**^** 

1         1  -1  ^'   ** 

for-ce  of  attraction  is  proportional  to  gj,  -^ — ^-ttf-'  rt**  '*^' 

eafeily  found;  and  it  is  equal  to  the  force  of  repulsion.^  In 
another  substance,  find  the  corresponding  quantities  d^  d  +  ntf 

d+  ^m;^,  jjL-,  _i_,  &«.    Then  %  belp  ef  the  pro- 

bl^m&SO,  81, 90,  91,  and  92,  of  lib.  l,ofNew*QR?»|&pia,the 
laj^r  of  variatioQ  of  the  force  utay  be  found  fi:cpr,w^Aggregate. 

-r,.  ....  '  '  .•J..B.  jEiMMBTT,    . 
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Article  XIII. 

SCIENTIFIC  NOTICES. 

Chemistry. 

] .  Reciprocal  Aclioit  of  Hydrosnlphunc  (Sulphuretted  Hi/drogeit).j 
and  Carbonic  Acid,  on  the  Carbonates  and  Hj/drosu/phates.1 
By  M.  Henry,  Jun. 

Although  M.  Chevreul  had  shown  that  carbonic  acid  : 
capable  of  decomposing  the  hydrosulphates,  {hydrosuIpkuretsA 
yet  when  M.  Henry  advanced  the  o[iinion  that  the  Bulphuretteflj 
hydrogen  disengaged  from  the  niinernl  waters  of  Eiighieii,  Ib^ 
owing  to  the  action  of  free  carbonic  on  the  hydrosulphates  con-" 
tained  in  those  waters,  it  niet  with  considerable  opposition,  in 
consequence  of  which  he  resumed  the  subject,  and  undertook 
a  series  of  experiments  with  a  view  to  elucidate  it ;  from  which 
he  has  deduced  the  following  conclusions  : 

1.  Carbonic  acid,  in  contact  with  the  alcahne,  or  magnesianj 
hydrosulphates,  is  capable  of  decomposing  them  completely,  i^T 
the  action  be  continued  for  a  sufficient  length  of  time.  '1 

2.  The  decomposition  is  effected  either  by  boiling  a  hydro^ 
sulphate  in  water  impregnated  with  carbonic  acid,  or  by  placiQa^ 
the  mixture,  without  heat,  in  the  vacuum  of  an  air-pump  ;  or  by 
passing  a  current  of  carbonic  acid  gas,  thcough  a  diluted  solu- 
tion of  the  hydro  sulphate. 

3.  The  hydrosulphates  obtained  by  converting  sulphates  into 
sulphurets,  by  carbonaceous  mattev,  are  less  readily  acted  on. 

4.  The  result  of  the  decomposition  of  all  these  salts  is  the 
production  of  carbonates,  or  rather  of  bicarbonates,  and  the 
quantity  of  sulphuretted  hydrogen  disengaged  is  proportionate  _ 
to  that  of  the  caibonate  formed. —  (Bulletin  des  Sciences,) 

2.  Carbono-Phospltateof  Soda. 
Thpre  is  a  prussian  blue  manufactory  in  the  neighbourhoot 
of   Glasgow   belonging  to  Mr.  Macintosh,  in  which,  likewise, 
prussiaie  of  potash  is  made  in  very  considerable  quantities.  Th^il 
add  ia  obtained  by  the  combustion  of  the  hoofs  of  black  cattl^ 
imported   chiefly  from  Ireland  ;  and  the  hoofs  of  a  thousam 
cattle  are  required  for  every  day's  consumption  in  the  manufad 
tory.     The  slaughtering  of  cuttle  ia  Ireland  having  considerabljH 
diuiinjshed  at  the  end  of  the  last  war,  hoofs  became  scarce. 
This  Induced  Mr,  Macintosh  to  substitute  the  animal  substance 
called  cracknales,  procured  chiefly,  1  beheve,  from  tbe  candle 
makers.     Soon  after  this  substitution,  considerable  quantities  of 
a  white  salt  in  fine  needles  began  to  make  their  appearance  in 
the  prtiflsiate  of  potash  leys,  aiid  incommoded  the  process  con-  ■ 
eiderably-.    Theae  crystals  exhibiting  appearancee  different  from 
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any  of  the  common  salts,  Mr.  Macintosh  sent  me  a  quantity  of 
them  to  ascertain  their  nature. 

The  crystals  were  pretty  regular  six-sided  prisms,  which  were 
obtained  of  a  pretty  large  size  by  a  second  crystallization.  The 
taste  was  coolmg,  and  alkaline,  and  they  rendered  cudbear  paper 
violet,  indicating  the  presence  of  an  alkah.  The  salt  was  pretty 
soluble  in  water,  and  the  crystals  were  not  altered  by  exposure 
to  the  air.  They  effervesced  slightly,  but  distinctly  in  nitric 
acid. 

I  neutralized  a  portion  of  these  crystals  by  means  of  nitric 
acid,  and  then  mixed  the  solution  with  a  sufficient  quantity  of 
nitrate  of  barytes — a  white  precipitate  fell,  which,  when  washed, 
and  dried  on  the  filter,  was  a  beautiful  white  soft  powder,,  which 
dissolved  without  effervescence  in  nitric  acid,  was  again  preci- 
pitated by  ammonia,  and  exhibited  all  the  properties  of  phosphate 
of  barytes.  I  therefore  decomposed  a  portion  of  it  by  means  of 
sulphuric  acid.  The  acid  which  I  obtained  possessed  the  fol- 
lowing properties : 

It  threw  down  nitrate  of  barytes,  and  nitrate  of  lead  white, 
^nd  both  precipitates  were  dissolved  by  nitric  acid.  Persulphate 
of  iron  was  thrown  down  white,  and  the  precipitate  became  red 
when  digested  in  potash  ley.  Nitrate  of  silver  was  thrown  down 
yellow,  and  the  precipitate  was  dissolved  in  nitric  acid.  Muriate 
of  lime,  muriate  of  magnesia,  nitrate  of  strontian,  sulphate  of 
copper,  sulphate  of  zinc,  nitrate  ofmercury,were  not  precipitated. 
From  these  properties,  there  could  be  no  doubt  that  the  acid  ig 
the  salt  was  chiefly  the  phosphoric. — I  now  dissolved  a  quantity 
of  the  salt  in  water,  and  neutralized  it  exactly  with  sulphuric 
^cid ;  the  solution  was  then  concentrated,  and  set  £^si^«  It 
^hot  out  into  crystals  of  sulphate  of  soda,  and  phosphate  of 
poda,  easily  recognized  by  their  shape. 

To  ascertain  the  proportions  of  the  constituents,  I  dissolved 
200  grains  of  the  crystals  in  water,  neutralized  the  solution  with 
nitric  acid,  and  precipitated  by  nitrate  of  lead.  The  precipitate 
weighed  14 1*3  grains,  equivalent  to  28*26  grains  of  phosphoric 
acid.  The  residual  liquid  contained  no  lead,  but  was  ealireiy 
nitrate  of  soda,  weighing  109*5  grains,  equivalent  to  40*74  grains 
of  soda.  Now,  28*26  grains  of  phosphoric  acid  inquire  for  satu- 
ration 32-297  grains  of  soda.  There  remain  7*448  grains  of 
isoda,  which  require  for  saturation  5*117  grains  of  carbonic 
acid. 

Thus,  the  constituents  of  the  salt  are 

Phosphoric  acid 28*260   or  14 

Carbonic  acid 5*117   ..    2*535 

Soda    40-740   ..20*182 

Water 125*883   ..  62r36 


200-000 


Now, 

4  atoms  phosphoric  acid =  14 

1  atom  carbonic  acid =  2*75 

5  atoms  soda    • =  20 

55  atoms  water  . . .  • =  61'875 

Hence,  I  am  disposed  to  consider  the  salt  as  a  compound  of 

4  atoms  phosphate  of  &oda 30 

1  atom  carbonate  of  soda * .  •     6*75 

55  atoms  water • 61*875 


98-625 


If  this  be  really  a  compound  of  phosphate  and  carbonate  of 
soda,  the  union  is  very  slight;  for  I  found  that  by  repeated 
solutions  and  crystallizations,  I  could  separate  from  it  phosphate 
of  soda  in  the  usual  rhomboidal  form.  What  leads  to  the  notion 
that  it  is  a  compound  salt,  is  the  form  of  the  crystals — a  six-sided 
prism  apparently  re*gular,  which  could  not  be  derived  from  th^ 

{primary  form  or  phosphate  of  soda.  Nor  is  the  water  of  crystal- 
ization  what  it  would  be  if  the  salt  were  a  mere  mixture  of  4 
atoms  of  phosphate  of  soda,  and  1  atom  of  carbonate  of  soda ; 
for  phosphate  of  soda  containing  12  atoms,  and  carbonate  qf 
"soda  10  atoms,  the  water  of  crystallization  should  have  amounted 
to  58  atoms,  instead  of  55 — the  quantity  found,  unless  there  was 
an  error  in  the  analysis.  I  do  not  well  see,  however,  how  any 
supposed  error  could  serve  to  diminish  the  appareajb  quantity  of 
wat^r  in  the  salt ;  but  it  is  possible  that  the  salt  may  have  sus- 
tained a  loss  of  water  before  I  began  to  examine  it.— (Dr.  Thorn* 
son's  Attempt  to  establish  the  First  Principles  of  Chemistry.) 

MiNEBALOaY. 

3.  Beryl  in  Cornwalh 

We  have  been  favoured  by  Mr.  A.  R.  Barclay,  with  a  noticg 
of  hip  discovery  of  the  existence  of  the  Beryl,  in  Cornwall ;  hi^ 
states  that  the  crystals  are  nearly  colourless,  though  some  have  % 
Very  feint  greenish  hue ;  they  are  six-sided,  the  summits  of  a 
few  have  the  edges  of  the  plane  taken  off,  but  most  of  them 
aro  flat;  they  are- very  small,  and  some  thickly  grouped;  with 
the  blowpipe  they  become  of  an  opaque  white.  They  are 
accompanied  with  apatite  and  mica,  crystallized  upon  a  dark 
grey  quartzy  wall  of  a  vein  which  so  commonly  traverses  the 
granite  and  schist  of  St.  Michael's  Mount,  and  in  which  most 
of  the  minerals  to  be  met  with  at  that  interesting  spot  occur. 
They  were' not  discovered  in  situ,  but  found  in  one  large  mass 
or  slab,  lying  detached  close  to  the  little  cliff  of  debris,  on  the 
^outh  side  of  the  Mount,  at  that  part  only  which  would  be 
washed  by  very  high  or  stormy  tides. 
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4.  Sodalite  of  Vesuvius. 

The  crystals  are  distributed  in  dnisy  cayities  of  limestone, 
and  associated  with  grey  feldspar,  pale  green  mica,  calcareous 
spar  and  au^ite  ;  the  latter  of  various  tints  of  colour,  and  often 
perfectljr  white  and  transparent.  Form,  that  of  dodecahedrons 
m  combination  with  the  hexahedron,  elongated  in  the  direction 
of  one  of  the  rhombohedral  axes.  Cleavage  pretty  distinctly 
parallel  to  the  faces  of  the  dodecahedron,  but  much  interrupted 
by  conchoidal  fracture.  The  surface  of  some  of  the  crystals  is 
rather  smooth,  but  does  not  possess  much  lustre,  which  is 
vitreous ;  more  generally,  the  edges  are  rounded  off,  and  the 
faces  curved  so  as  to  obhterate  the  regular  form.  Colour 
varies  from  pale  greenish-white,  to  a  sky-blue.  Hardness  6'5  to  6 
of  Mohs*  scale,  between  apatite  and  feldspar,  nearest  the  latter. 
Specific  gravity  =  2*349. 

The  comparison  of  these  crystals,  of  which  there  are  several 
Tarieties,  is  connected  with  the  question  whether  sodalite, 
spinellane,  haiiyne,  and  crystallized  lapis  lazuli  are  distinct 
species.  The  new  varieties  of  the  Vesuvian  sodalite^  examine^ 
by  Mr.  Haidinger,  are  in  the  Royal  Museum  at  Edinburgh,  and 
were  arranged  by  Professor  Jamieson  with  haiiyne,  which  sub- 
stance appears  to  belong  to  the  same  species ;  and  M.  M. 
Bergemann,  Noggeratb  and  Von  Gerolt  are  of  opinion  that  the 
.preceding  substances,  especially  the  haiiyne  and  spinellane, 
form  varieties  of  one  and  the  same  species. — (Extracted  from 
Mr.  Haidinger's  paper,  Edin.  Phil.  Journal.) 

5,  Boracic  Acid  in  Lava  ? 

According  to  Moricand,  in  the  ^olian  IsleS)  boracic  acid 
assists  in  rendering  the  lavas  more  easily  fusible.  Do  the  lavas 
and  obsidian  of  Lipari  really  contain  boracic  acid  ?  The  green- 
stone of  Salisbury  Craigs  in  this  neighbourhood,,  contains  Hum- 
boldtite,  a  mineral  rich  in  boracic  acid.     Does  the  mass  of  the 

freenstone  rock  contain  any  of  this  curious  substance  ?— -(Ediiu 
liiL  Journal.) 

Zoology. 
6.  On  the  Circulatory  St/stem  of  Saurii.    By  Priof.  Harlan. 

I  was  desirous  of  comparing  the  structure  of  the  heart  with 
tliat  organ  in  the' crocodile,  which  is  very  unlike  the  heart  of 
the  Turtle^  to  which  Cuvier,  in  his  Comparative  Anatomy,  has 
cbmpared  it  As  no  correct  description  of  the  anatomical 
istructure^of  the  Saurii  has  ever  been  given  to  the  public,  I  shall 
offer  a  brief  outline  of  these  organs  in  the  crocodilus  lucius, 
*  which  will  setre'  as  the  type  of  all  the  lacerta* 
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1,  I  forced  air  into  the  vena  ctiva  ascendena,  which  inflated 
the  right  auricle  and  ventricle,  and  passed  into  the  lungs  through 
the  pulmonary  artery  into  the  splanchic  aorta ;  also  into  the 

itemic  aorta  through  the  valvular  opening  at  its  base ;  the 
lod  into  the  superior  cav^  regurgitated. 

2,  I  forced  air  into  one  of  the  pulmonary  veins  which  inflated 
&e  left  auricle  and  ventritle,  passed  into  the  systemic  aorla, 
and  the  subclavian  trunks  which  leave  the  super  cardiac  sacs, 
(each  of  the  large  arteries  are  dilated  immediately  on  leaving  the 
heart,  and  are  so  united  as  to  appear  externally  as  a  single 
«ic) 

The  circulation  in  the  animals  is  briefly  as  follow  :  1st,  The 
iod  passes  from  the  right  auricle  into  the  ventricle  of  the  same 
le,  and  in  this  cavity  there  are  four  openings,  1.  One  leading 
im  the  auricle;  2.  One  into  the'  pulmonary  artery;  3.  One 
tto  the  splanchic  aorta,  carrying  black  blood  to  the  viscera; 
id  4.  One  into  the  systemic  aorta,  by  the  valvular  communi- 
cation of  the  circulation  when  that  through  the  lungs  is  impeded 
by  expiration.     During  expiration  there  is  still  some  pulmonic 
circulation,  a  small  quantity  of  blood  passing  from  the  lungs 
through  the  left  auricle  to  the  ventricle  of  the  same  side,  from 
whence  it  has  a  direct  passage  into  the  systemic  aorta ;  the  valve 
at  its  base  will  not  even  permit  air  to  pass  into  the  right  side  of 
the  heart,  nor  will  the  semilunar  vslvea  of  the  aorta  permit  regur- 
gitation, so  that  the  only  nii:^ture  of  black  and  red  blood  takes 
place  in  the  systemic  aorta  during  expiration  or  collapse  of  the 
lungs.    The  systemic  and  splanchic  aorta  do  not  unite  until 
after  the  viscera  have  been  supplied  with  blood  by  the  latter. 
In  the  land  lizards  there  is  no  necessity  for  that  complicated 
structure  which  exist  in  the  crocodiles,  and  the  ventricles  com- 
munioate  freely  with  each  other. — ^'(Harlan.  Jour.  Acad.  N.  S. 
JPhil.) 

7.  On  the  Float  ofJatUhim.     By  Reynell  Coates,  M.D. 

Sonie  have  asserted  that  the  animal  of  Janlhina  is  capalSle  of 
,abs'orblng  the  air  of  the  vesicles  and  refilling  them  at  will,  lU  order 
ttt'Sinlc  or  rise  in  the  water,  but  Cuvier  could  not  discover  any 
communication  between  the  animal  and  the  float,  or  any  cavity 
within  the  animal  which  could  contain  the  air  when  absorbed  ; 
be,  tlierefore,  was  inclined  to  consider  it  as  a  rudimentary 
operculum. 

During  a  voyage  to  the  East  Indies,  I  had  several  opportu^ 
nities  of  observing  the  mode  in  which  this  organ  is  construct 
by  the  animal. 

Individuals  being  placed  in  a  tumbler  of  brine,  and  a  portid- 
of  the  float  being  removed  by  scissors,  the  animal  very  soon 
commenced  supplying  the  deficiency  in  the  following  manner ; 
the  foot  was  advanced  upon  the  remaining  vesicles,  until  about 

fiew  Series,  Tot.  m,  3  c 
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twQ-tbir(}8  q{  the  number  rose  above  the:  Burfh()e  of  ^  water. 
It  Wfi9  then  expanded  to  the  uttermp&t^  f^ndthro.wn  baok  upot) 
tlie  wat^r,.  like,  the  foot  of  a  lya)|ieou$  whea  cofnoaqncing  to 
8\vim;  ^n  the  next  place  it  i?vas  -cpntraoted  at  the  edge,  and 
formed  into  the  shape  of  a  hood,  enclQsing  a  globule  of  airi 
Ivbich  w^is.  alowly  applied  to  the  extremity  of  thp  float.  A  vibra- 
tory movement  could  now  be  perceived  (throughout  the  foot^ 
and  when  it  was  tlirown  back  again  to  renew  the  process,  the 
globule  was  found  inclosed  in  its  newly  conetructed  envelope. 

It  does  not  appear  that  the  janthinas  ever  sin):  below  the 
surface,  while  they  remain  attached  to  the  vesicle ;  but  when 
they  are  entirely  separated,  they  immediately  fall  to  the  bottom 
of  the  tumbler,  and  are  unable  ^terwards  to  rise  from  their 
position,  and  though  they  continue  to  be  vigorous  for  some  time, 
they  generally  die  in  a  lew  days.  As  their  respiratory  organs 
are  calculated  for  the  water,  this  circumstance  is  probably  acci- 
dental. 

Along  the  surface  of  the  float  passes  a  little  line  of  pearly 
fibres,  and  upon  this  line  are  attached  the  egg  of  the  animal.  In 
J.  fragilis  the  float  is  convex,  slightly  scaled  above,  and  OQncave 
beneath,  strait  and  composed  of  large  vesicles.  In  the  I.  globosa 
it  is  composed  of  smaller,  it  is  flat  above  and  beneath,  and  by 
the  re-union  of  one  of  the  edges,  it  is  formed  into  a  spiral  and 
nearly  circular  disk. 

The  float  appears  to  be  constructed  for  the  purpQse  of  sup^ 
porting  its  shell  and  its  young  upon  the  surface  of  the.  water, 
and  is  secreted  by  the  foot,  and  has  no  attachment  to  the  animal 
except  by  the  close  cohesion  resulting  from  the  nice  adaptatioa 
of  their  proximate  surfaces. 

8,  On  the  Vertebra  of  Reptiles  and  Amphibia.    By  R.  Harlan, 

Cuvier,  in  his  Ossemens  les  Fossil,remarks,  '^  the  dorsal  vestebra 
of  the  Mciestricht  ^mal  have  their  transverse  apophyses  short, 
and  terminated  by  an  articulating  surface  enlai^ed  vertically, 
which  carries  the  ribs,  which  is  consequently  attached  by  a 
single  head ;  this  characterizes  the  monitors,  and  moat  of  the 
Saurians,  excepting  only  the  crocodile,  in  which  particular  this 
structure  is  absent,  with  the  exception  of  the  three  last  ribs." 

To  the  Crocodiles,  as  an  exception,  Cuvier  should  have  added 
the  Ichthyosaurus,  Iguana,  and  Camelion,  amongat  the  Sau- 
rians, together  with  the  Crotalus  and  Coluber  amongst  the 
Ophidia,  in  all  which  the  ribs  are  articulated  with  the:  bodies  of 
the  vertebrae  by  two  tubercles,  but  do  not  unite  with  the  trans* 
verse  process  as  in  the  Crocodile.  i 

Conceiving  it  highly  important  to  the  science  of  Osteology, 
to  ascertain  correctly  the  manner  in  which  the  ribs  of  the  difl'er- 
ent  genera  of  the  Saurian  Family  are  articulated ;  as  far  as  my 
examinations  have  extended  (with  the  exception  of  those  genera 
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abovf  BOticed  ibl  wlpch-  the  ribs  are  articulated  to  the  body)  the 
transverse  processes  (or  a  tubercle  which  suppUes  their  place) 
receives  the^head  of*  the  ribs  as  in  the  following  genera :  viz. 
the  PiesioBauraSy  Maestricht  Animal,  Calotes,  Monitor,  Ameiva^ 
Scincus  Geckos,  Agama,  Anolis,  also  the  Sirena^  the  Triton, 
and  the  Salamandra,  amongst  the  Batrachia. — (Harlan  Jquiv 
Acad.  N.S.  Phil.  iv.  236.) 

■ 

9.  On  the  enormous  Sumatra  Ape, 

An  account  has  been  lately  published  of  the  caption  of  a 
eptfcimen  of  monkey  at  Tar uman,  in  Sumatra>  which  id  said  by 
some  to  be  six,  and  others  seven  feet  high«  It  is,  perhpips,  tho 
full-grown  ourap-outang. — (Edin.  Jour.  Scien.  1825.) 

10.  On  some  newly  described  British  Sheika 

Mr.  W.  Macgillwray  has  described  in  the  Edinburgh  Journal 
of  Science  what  he  considers  a  new  species  oiPecten,  found. oi^ 
the  island  of  Seappay  and  the  east  coast  of  Harris*  He 
describes  it  as  follows  :  : 

P.  niveiLSy  snowy  pecten.  Shell  orbicular^  thin,  diaphanous. 
Snow  white,  ribs  46,  rather  compressed,  rounded,  and  scaled 
with  shoKt  thin  spines.  (Edin.  Phil.  Jour.)  t.  3,  f.  !•  Lengt||i 
3  inches,  breadth  2\\  length  of  the  auricular  margin  1  inch. 
Mr.  Macgillwray  only  compares  it  with  P.  varius,  perhaps  not 
aware  that  Pecten  Isiandicus,  Lam,  of  which  this  shell  appears 
to  be  only  a  variety,  has  long  been  known  as  a  British  species.  * 

Mr.  Lowe,  in  the  Zoological  Journal,  has  describe^  two  shells 
which  appear  to  be  new  to  this  country.     ** 

Turbo  carneus,  t.  5,  {.  Vz  &.  Shell  snbconical,  umbilicated 
girth  with  regular  rather  distant  elevated  striae  \  the  spire  %\kOTt, 
with  the  apex  elevated  acute. 

This  is  allied  to  Helix  margarita  of  Montague,  whic^  Mr^ 
Lowe  also  makes  a  Turbo ;  it  is  the  Margarita  striata  of  Pr« 
Leach,  in  the  Appendix  to  Capt.  Ross's  Voyage. 

Chiton  AseUoiaeSj  t.  6,  f.  5.      Shell  carinated,  the  valves 
slightly  beaked,  minutely,  but  regularly  granulated  over  the^ 
whole  sur£su^e  not  at  all  in  a  beaded  manner ;  margin  coarsely* 

franulated,  the  granulations  raised,  black,  dark.  Cho0olate 
rown  or  black ;  the  ridges,  edges,  aiui  interstices  of  th^  valves 
yellowish  white.  Fringe  very  short  and  indistinct;  lenjgth 
rather  less  than  one-half^  breadth  one-fourth  of  an  inch )  inhabits 
Oban,  Appin.- 

Mr.  Lowe  also  describes  a  species  of  TerebratuJa  tinder  the 

name  of  T  costata,  as  new  both  to  science  and  Gr&at  Btitai^ ; 

but  it  a{)pears  to  be-  the  2'.  aurita,  figured  and  described  by 

Dr.  Fleming  in  his  Philosophy  of  Zoolpgy,  as  found  in  Scotland. 

Mr.  Bell,  in  the  same  jonmal,  has  described  what  he  coiisiders 
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a  new  species  of  Emarginula,  which  he  discovered  in  Poole 
Harbour,  under  the  name  of 

Emarginula  rosea,  t.  4,  f.  1 .  Shell  ovate,  cancellate  ;  inside 
rose  coloured,  vertex  acute,  much  recurved  or  nearly  involute* 

This  shell  is  very  common  on  the  English  coast,  and  appears 
to  be  only  a  variety  of  the  E,  conica.  It  has  been  figured  by 
Martini,  i.  t.  11,  f.  109, 110,  and  by  several  other  conchologists. 
—J.  E  G. 

11,  Ontht  East  Indian  Unicorn. 

Whether  the  animal  called  by  the   Bhoieas  was,  as  they 

assfert^d,  the  unicorn  or  not,  the  horns  which  they  produced 

proved' that  they  spoke  of  no  imaginary  creature,  and  warranted 

every  exertion  to  discover  the  animal  to  which  they  belonged. 

^Interest  was,  therefore,  made  with  the  local  authorities  to  assist 

s^m'the  iSearcfa,  and  inducements  held  out  to  travellers  to  procure 

^>the  ^ifimal.    Accordingly  a  few  days  since  the  skin   of  the 

i'fjhifsu  wctn  sent  to  the  resident,  with  the  Aorws  attached,  proving 

the  aninial  to  be  no  unicorn,  but  a  noble  antelope,  of  a  species 

ajipaisntly  n4w.    7%  ere  was  no  possibility  of  procuring  it  alive, 

,wiit'fr£^uents  the  most  inaccessible  parts  of  the  snowy  moun- 

^taiM,"  and  is  exceedingly  vigilant,  and  easily  alarmed.     It  is 

found  in  1>he  haunts  of  uie  Musk  Deer,  and  sometimes  associates 

i'With'thiem;! 

It  is  added  that  though  the  animal  produced  is  bicomate,  yet 

that  atonae  of  the  ispecies  are  unicoms — a  rather  odd  assertion, 

•which;  however,  is  stdutly  maintained.    Every  one,  therefore, 

will,  ;frotaa  the  production  of  thfe  prei^ent  animal,  augur  every 

tJiiqg  or; nothing  for  the  existence  of  the  unicorn,  according *to 

(his  particular  fancy.    This  only  seems  necessary^  that  the  name 

•  C/ursu,  und  th«  horns  (abundance  of  which  has  b^ehf  itimished), 

'Should/fir  the  pesent  be  given  to  the  bicomateaMlival,  and  the 

ultimate  ri^ht  of  participating  in  either,' due  to  tt^  iitticohi,  left 

^tofthedccision  of  time.     It  is  much  to  be  regr^ted  tbattheskin 

»\i^8 'sent' folded  wp  in  such  a  manner,  and'cnsfilb^  to  stiffen 

oinfthat^stite,  that  the  figure  of  the  aAinlal  to  which  ♦Jit  belonged 

<;t»i3»lhttWly  be  conjectured;  nay,  the- probable  yize^Wfen  will  be 

obtained,  if  at  all,  by  painful  admeasurement  dfiatich*  parts  as 

are  j)iQt,4^iayeU^d,.and  a  comparison  by  analogy  n^pc^t  fill  up  the 

due  dimensions  of  those  parts  that,  fare  so.    The  animal  is  an 

^^fitf^lcjpie,  9Qt  a  deer.    It  is  a  malci;  his  POlQur  ^Iftty'pr  bluish 

^-^S^y^h^^fe^l^Wg  P^  .^.^^.9  esp^ially  :=qn,  th^  b^l^iv^bi*  few,  which 

i^s  ipibqpt^an  jncbloDg,  and  exceeaingly.  thi,ck>  bas^f^/go^d  deal  of 

{tijifii  tiuill-flike  h^AiP.w  app^araijce  apfj.  feel  'tb«:t  nharaf^jized  the 

uMwpi.  I^^??:*S:J^^  bv1^it.i§  8offcQr.>.iMl,s^0^j^T /thft«i\<*^^ 
Tdfe^S«#Jf ^^S.'^^^riy  If^^kfotih^ff^g^is,  or  wild 

bSfi^MBbeRW  ^crfwri^^^J-Mft  ?tf^fe<rljfr%iAMi;i(t4fee'Nov^lw 
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conceals  a  spare  fleece  of  very  soft  wool  lying  close  to.  the 
animal's  skin.  The  forehead  is  nearly  black,  and  bo.  ar<iitlje 
legs ;  the  beilyr  white,  and  anoiit  nearly  so ;  the  snout, in  siacand 
shape  deer  like;  tlie  horna  are  placed  very  near  ea<di  otJ«r;_ 
entirely  on  the  back  of  the  head,  and  with  that  side  wppeimo^ 
on  which  the  annular  niarka  are  largest.  ' 

The  most  remarkable  feature  in  the  animal's  figure  is  t 
excessive  length  of  the  neck,  which  is  almost  half  of  theiwhd 
body. 

The  dimensions,  so  far  as  they  can  be  taken  from  so  shrivelle* 
a  skin,  are  as  follows  : 

The  skin  itself  will  probably  be  sent  down  by  aRdbye«-frQM 
which  a  more  accurate  description  can  be  made ;  bnt  to.  gua^ 
against  contingencies  the  present  one  may  auSice.  . .    -t 

Total  length  five  feet  eight  inches  ;  length  of  body  four  fett 
two  iuchea;  circuit  of  body,  very  faulty,  shrivelled,  two  feet 
three  inches  -,  length  of  body  between  the  legs  and  beneath  one 
foot  eleven  inches  ;  above,  from  hip  to  shoulder  bladea,  two  feet 
3j-  inches  ;  the  neck,  from  back  of  head  to  shoulder,  bone,  obe 
foot  nine  inches ;  height  of  fore  legs,  the  body  being,  shri- 
velled, only  one  foot  eight  inches;  of  hind  leg  only,,  faulty, 
one  foot  eight  inches;  length  of  head  ten  inches;  circuit,  cf 
head  one  foot  eight  and  ahalfinches;  length  of  hocns  two  feet 
one  and  a  half  inch  ;  length  of  ears  four  inches  and  a  half ;  leligdi 
of  tail  eight  inches.  "" 

Such  are  the  dimensions  according  to  careful  measuremeiltd 
the  principal  deficiency  is  in  the  bulk  of  the  body,  its  depth,  .Mr 
circumference,  neither  of  which  can  be  obtained  in  the  prSsen^ ' 
skin.  Admitting  the  Chirsu,  however,  to  be  an  antelope,  the 
general'  notion  we  have  of  that  animal's  Bgure,  taken  inoob- 
nexioQiWith  the  proportions  above  given,  will  enable  an  adept  in 
the  comparative  anatomy  of  animals  to  deduce  probably  the 
entire  sine  of  the  Chirsu  with  tolerable  accuracy. 

Thisk'the  ratlier  to  be  attempted,  because  it  is  very  unlikely 
that  we  shall  soon  obtain  a  living  subject,  and  as  king  as  the 
skins  only  are  brought,  there  seems  little  chance  of  one ■  more 
perfect  than  the  present  ever  reaching  At maudru. -^{CAcaUo, 
Orient.  Mag.) 
^i,  12.'  On  the  CJiinese  Manner  of  forming  Artijiciat  Pekvh. 
K  By  J.  E.  Gray. 

J^'In  a  forlaer  number  of  this  Jou  rnal,  I  gave  an  acCouttt  ttf  'tfiif 
manner  in  whlcli  pearls  might  be  formed  artificially,  of  any  sije 
or  form  that  is  required.  In  a  late  visit  to  the  College  of 
Surgeons;  I  observed  some  pearls  in  the  same  specieS  of  Blidl, 
{Barbalhf  licafa,)  which  had  the  exterritfl  ap^earahce'of  beitig 
formed  artificially,'wMwh  Mr.  Clift,  itbe.^xee'Uent.i^risenfator 
of  this  establishment,  fery  kindly 'allOW'etl' tn^  tti  ex^ine  ^nd 
describe. 
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These  pearls  are  of  a  very  fine  Water,  and  nearly  orbicular ; 
their  base  is  supported  by  a  small  process  which  separates  at 
the  end  into  two  short  diyerging  processes,  which  stand  off  at 
right  angles  to  the  central  rib  ;  on  more  minute  examination  it 
appeared  that  these  pearls  were  produced  by  there  being  in* 
troduced  between  the  mantle  of  the  animal  (while  yet  alive) 
and  the  shell,  a  small  piece  of  silver  wire,  bent  into  a  peculiar 
form,  that  is  to  say,  so  as  to  form  a  right  angle,  with  one  arm 
ending  in  two  diverging  processes,  so  as  to  make  the  simple 
and  always  keep  its  erect  position.  These  wires  must  be  intro- 
duced in  the  same  manner  as  the  semi-orbicular  pieces  of 
mother  of  pearl  in  the  other  method  of  forming  artificial  pearls, 
as  there  is  no. appearance  of  any  external  injury.  The  pearls 
are  solid  and  nearly  orbicular,  with  a  small  pedicell,  which  is 
continued  so  as  to  entirely  cover  the  wire.  They  may  be  per- 
forated and  used  so  as  to  show  their  whole  surface,  which  1  did 
not  expect  could  ever  be  the  case  with  any  artificial  pearls  ;  but 
they  must  doubtless,  unlike  the  artificial  pearls  formed  by  the 
other  means,  be  a  considerable  time  in  coming  to  any  useful 
and  valuable  size. 

Miscellaneous. 

13.  Grcetnoick  Observations. 

The  following  extract  of  a  letter,  addressed  by  Professor 
Bessel  to  Professor  Schumacher,  appeared  in  the  last  No.  of 
the  Journal  of  Science. — •'  When  I  had  the  pleasure  of  being 
your  guest  at  Altona,  you  showed  me  the  numbers  of  the  Philo- 
sophical Maoazine,  which  contain  a  very  severe  censure,  of  the 
Greenwich  Observations  for  1821.  I  saw  this  censur^  with 
some  surprise,  because  I  had  always  considered  the  colleption 
of  observations  at  Greenwich  as  singulariy  valuable,  and  as  a 
rich  source  of  astronomical  truths  ;  nor  were  you,  I  believe,  of  a 
different  opinion,  and  we  were  perfectly  ao^reed  respectii^  Jbe 
unimportance  of  the  inaccuracies  that  were  imputed  to  ihis  yiotk 
in  the  two  papers  published  in  the  64th  volume  of  th^iiyiilo- 
sophical  Magazine,  For  those  who  are  acquainted  witfe  the 
Greenwich  observations,  and  who  compare  them  with  the  qritic's 
remarks)  every  fuiliher  explanation  would  be  superfluous,  but 
since  it  may  be  supposed  that  these  rema  rks  will  fall  into  ..the 
hands  of  many  persons  not  well  versed  ia  astronomy,  I  readily 
comply  with  the  request  which  you  made,  that  1  woiild  commit 
ifco  writing  our  common  view  of  the  subject.  I  feel,  as  ^ell.as 
yourself,  the  propriety  of  doing  my  best  on  the,pQ6wipn,  in 
order  that  too  great  importance  may  not  be  attached  |to  ^^this 
.  insure  of  an  establishment,  to  which  astron  omy  is  indebted  for 
a  great  proportion  of  its  advancement ;  and  -that  its  importance 
cannot  be  very  great,  is  smC^cWivIV^  «>\\qyju  b^y  the  facility  with 
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tfhich  Mr.  Olufsen  has  computed  the  declinations  of  the  funda- 
Bental  stars,  aa   published  in  Nachrichten,  No.  73,  from  the 

^^ftreenwich  observations  for  1822. 

#'  The  greater  number  of  the  errors  which  have  been  pointed 
lUt  by  the  censor,  are  merely  accidental  errors  of  the  pen. 
Ihrora  of  this  kind  are  certainly  disawreeable,  and  it  would  be 
letter  if  they  could  be  entirely  avoided;  but  since  all  collections 
(f  observations  in  existence  do  contain  such  errors,  they  clearly 
^pear  to  be  unavoidable.  The  first  class  of  errors  mentioned 
i  the  Philosophical  Magazine  contains  the  cases  in  which  the 
Hean  deduced  from  the  readings  of  the  two  microscopes  A  and 
Sdiffers  from  the  column  inwhicb  that  mean  is  assigned.  Since 
here  must  be  some  manifest  oversight  in  all  these  cases,  it 
Bay  sometimes  be  difficult  to  determine  whether  it  ia  in  the 
eadin^a  or  in  the  mean  assigned,  but  it  will,  in  general,  he  easy 
I  distmguish,  fiom  the  preceding  or  following  observations  of 
he  same  star,  where  the  error  hes. 

i  The  second  class  contains  the  differences  between  different 
fecords  of  the  same  observation.  These  must  be  errors  in  the 
lOpies  sent  to  the  press,  and  not  in  the  readings  of  the  mi- 
STOBCopes  ;  and  they  may  generally  be  corrected  Dy  a  compa- 
Sson  of  the  two  passages  :  they  sometimes  extend  to  whole 
degrees,  or  to  the  tens  of  the  minutes,  and  are  then  of  no 
mportance  ;  for  example,  in  the  observations  of  Procyon,  the 
"1  Feb.  1821,  and  of  ^  Cephei,  the  8th  Dec.  where  there  are 
srrors  of  30°  and  5°  respectively. 

'  The  sixth  class  of  errors  ccntains  the  intervals  between  the 
hicrometer  wires,  as  they  are  deduced  from  different  observa- 
aons  of  the  same  star.  These  are  often  dependent  on  errors  of 
Ite  pen,  as  in  the  observation  of  Capella  on  the  7th  Febniaiy, 
tbd  in  that  of  Sirius  on  the  8th,  where  there  are  errors  of  5" 
^d  of  4"  respectively  in  the  fourth  wire ;  frequently  also  they 
irise  from  inaccuracies  of  observation.  In  the  former  cftse 
ihey  are  of  no  consequence  whatever,  being  easily  detected  at 
#rat  sight;  in  the  latter  they  are  fundamental  imperfectrMis ; 
^ut  such  imperfections  are  inseparable  from  the'  nature  of 
observations,  and  it  would  be  ridiculous  to  eitptct  frotn'an 
lis tronomer  that  he  should  perform  impossibilities.  Alt  Teghtevs 
"  bf  observations  exhibit  inaccuracies  of  this  kind,  and  if  any 
should 'be  produced  without  them,  it  might  with  confidence  be 
asserted  to  be  a  forgery.     The  diligence  of  the  astronomer  is 

K)ved,  not-  by  the  perfect  agreement  in  his  tenths  -of  seconds, 
tby-ihe  magnitude  of  his  mean  or  probable  error;  arid  it 
Would-Brobably  be  difficult  for  the  critic  to  prove  that  this  ertor 
is  ftWcQ  greater  in  the  Greenwich  observations,  than  the  nature 
I  of  the  instrnmenta  renders  unavoidable. 

The   etrors  of  the  ^i/i  class,  whieh"  ctnnprehends  the  dif- 
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ferences  betweea  the  polar  distances  observed  with  two  and 
with  six  microscopes,  seem  to  me  to  have  been  introduced 
without  the  least  propriety  :  they  are  either  insignificant  errors 
of  the  pen,  as  in  the  case  y  Draconis,  28th  March,  or  slight 
accidental  errors  of  observation,  mixed  with  the  changes  of 
place  of  the  stars  and  of  the  refraction,  or,  lastly,  changes  of 
the  place  of  the  pole  on  the  instrument.  For  this  last  the 
observer  can  by  no  means  be  responsible.  Had  the  critic 
pointed  out  any  new  method  of  fixing  the  instrument  so  that  it 
should  be  subject  to  no  alterations,  he  would  have  deserved  the 
thanks  of  all  practical  astronomers  ;  but  the  constant  result  of 
past  experience  shows  that  the  greatest  possible  care,  in  pro- 
curing a  firm  foundation  for  the  pillars,  anbrds  us  only  a  com- 
parative and  not  an  absolute  stability.  The  fixing  of  the 
mstruments  at  Greenwich  has  been  such  as  to  keep  them  for  a 
long  time  admirably  firm;  but  at  other  times  it  has  not  been  so 
successful,  as  may  be  seen  in  the  table  of  the  place  of  the  pole, 
printed  in  the  Nachrichten,  No.  73 ;  the  differences  between 
the  latter  days  of  July,  and  the  beginning  of  August,  1821, 
depending  on  a  change  of  this  kind,  so  mat  they  cannot  be 
considered  as  accidental  errors  of  observation,  nor  are  they  of 
material  importance,  as  they  may  be  readily  determined  by  a 
series  of  observations  of  the  pole  star,  so  complete  as  those 
which  are  made  at  Greenwich.  The  accidental  irregularities  of 
the  polar  distances,  which  remain  afler  the  correction  of  the 
place  of  the  pole,  can  be  as  little  considered  as  an  imputation 
on  the  accuracy  of  the  observer,  as  those  of  the  intervals  of 
the  micrometer  wires.  The  truth  of  this  remark  is  illustrated 
in  the  Nachrichten,  No.  73. 

The  fourth  class  contains  the  differences  between  the  times 
of  transits  observed  with  the  transit  telescope,  and  the  mural 
circle.  The  latter  instrument,  however,  not  being  intended  for 
the  observation  of  transits,  nor  being  ever  actually  so  employed, 
it  would  have  been  of  no  manner  of  use  to  seek  for  greater 
accuracy  in  the  memorandums  which  are  made  merely  with  a 
view  of  determining  its  place  with  respect  to  the  meridian. 
We  ought  to  acknowledge  the  occasional  insertion  of  these 
memorandums  with  gratitude^  as  they  assure  us  that  the  instror 
ment  never  deviates  so  much  from  the  meridian  as  to  afifect.the 

Solar  distances ;  but  they  are  not  intended  for  any  other  purpose. 
pither  Bradley  nor  Maskelyne  have  ever  noted  the  times  of 
the  transits  bj^  ,^^^  .mural  quadrant,  aI|Jiaugh  itwa^  more 
liable  tb^y^ri^t^on  tliiaiXtthe  mural  circle.  ,  Ei^nt  to .  correct  the 
plJLce^^o^.|ne,jaKijb  pj^^tjiis  circle  contiau?4iy>i.sp  .a?  to  bring  it 
""    }y'}W^\^r^^^^  meridian,  .Y?ftuid  , certainly  be  of 

-^J^%^PM^W^\mM  jFor  .  example,  those  of  the 

nw^jDf  jti)p;sigir^  .ofji,Ue,^pVQr  minute  of  their  transits,  and 
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«o  forth,  are  of  no  material  importauce  whatever;  and  how 
jdiflncult  it  is  to  avoid  errors  of  this  kind,  may  be  inferred  from 
the  circumstance  of  my  having  found  about  1400  such  errors  in 
•Biad ley's  observations. 

,    The  remark   that  the  observations  at  Greenwicli  are  com- 

IDonly  concluded  at  midnight,  would  be  of  some  weight,  if  it 

^ould  be  proved  that  any  thitkg  essential  is  omitted  by  this 

^^ractice,  which  does  not  appear  to  me  to  be  the  case.     The 

Observations  relate  chiefly  to  the  sun,  the  fundamental  stars,  the 

looon,  and  the  oppositions  of  the  planets;  and  it  may  easily 

discovered  that  these  different  series  are  exhibited  with  an 

_  ::ommon   degree   of  perfeotion.      Had    the    censor  in   the 

philosophical  Magaxhte  pointed  out  any  other  series  of  observa- 

faoDS  which  could  have  been  combined  with  these,  so  as  not  to 

interfere  with  them,  no  doubt  the  Astronomer   Royal   would 

Jave  been  much  obliged  to  hiin.     Every  thing  cannot  be  done 

«t  once  in  an  observatory  ;  and  if  as  much  is  affected  as  can 

he  wished  in  one  respect,  something  must  be  omitted  in  others. 

jBut  to  multiply  observations,  without  any  plan  or  object  what- 

|fver,  would  be  mere  idleness.      fV/ioever  is  dissatisfied  with  the 

■.tual  riches  of  the  Greenwich   observations,  would  do  well  to 

■'ke  the  attempt  to  excel  ihem:  he  uioiiid  convince  himselj  by 

:h  an  expenment  that  the  labour  and  patience  reqiiired  for  doing 

much,  are  fully  sufficient  lo   exhaust  the  powers  of  ant/  one 

man. 

J  The  third  class  of  errors,  relating  to  the  nreteoroJogical  in- 
^uments,  I  have  not  yet  mentioned,  because  I  think  myself 
Ahat  greater  accuracy  is  required  in  this  department  than  it 
Itas  hitherto  been  usual  to  observe.  And  if  1  should  be  allowed 
to  suggest  any  improvement  that  could  be  made  in  the  observa- 
j^ons  at  Greenwich,  it  would  be  a  more  correct  accoiiot  of  the 
Beteorotogical  instruments,  and  of  the  place  in  which,  llja, 
iKterior. thermometer  is  fixed,"  .  ''  'i,  ,,«  -i' 

14.  On  the  Zetland  Islands.  ■    ^'J^i 

,.  An  accurate  chart  of  the  Zetland  Islands  has  long;  beeti  a 
Uaideratum  iu  British   hydrography.     Authorized  sarveya  of 
|iem  have,  it  is  true,  been  made :,  but  of  these  some  are  almost 
;  and  all  are  more  or  less  partial  or  defective :  and  tp 
,    f  this  nature,  perhaps  as  much  as  to  any  other"  caiiie^',. 
R^to  be  ascribed  many  of  the  disastrous  shipwrecks  of  whiCh 
that-remote  couutry  has  too  oflen  been  the  melancholy  Bcede,    ' ' 
■  -Jf  is  not  a  little  surprising  that  while  the  most  extencleo^;' 
rpjfpeHsIve,  and  minute  surveys  have  been  executed  by '  order  m"  i 
^Sa'  English  government  of  many  distant  regions  of  the^tiilie,"' 
ibe  nautical  geography  of  the  northern  estvemity  of  the  Bri(Islj 
^[^kfldb  should  have  been  so  long  sufTered  to  remain  in  ob- 
Uirity.'    Charts  are  to  maritime^  wliat  roads  are  to  inland  cbni- 
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Inerce  :  afid  we  duly  appreciate  the  laud&ble  and  fostetiiig  care 
which  our  ststtesmen  have  evinced  to  facilitate  its  extenBion 
4and  stability. 

The  Zetland  Islands  have  too  long  been  the  bugbear,  the 
iScylla  and  Charybdis  of  northern  mariners;  hence  commerce 
has  been  repelled  from  them ;  and  one  grand  source  of  theit 
improvement  and  prosperity  injudiciously  obstructed,  fiesided, 
they  might  afford  a  secure  refuge  and  resting-^lace,  not  only  to 
vessels  trading  in  the  North  Sea^  but  also  to  others  forced  bv 
boisterous  weather,  and  unavoidable  accidents,  into  their  lati- 
tude. And  when,  superadded  to  these  circumstances,  are  coi> 
%idered  the  barbarous  and  iron-bound  nature  of  the  coast,  and 
the  dangerous  rapidity  and  variety  of  the  currents,  it  cannot 
but  be  highly  gratifying  to  learn  that  thiis  important  chasm  in 
our  maritime  knowledge  is  in  progress  of  being  filled  up. 

For  this  purpose  the  Admiralty,  in  the  month  of  May,  this 
year,  sent  to  Zetland  their  surveyor,  Mr.  Thomas,  an  officer 
whose  ability,  experience,  and  indefatigable  zeal  are  so  con- 
ispicuous ;  and  who  has  more  particularly  displayed  his 
dexterity  and  talent  in  his  surveys  of  the  two  metropolitan 
rivers  of  England  and  Scotland,  and  their  adjacent  coasts ; 
and  we  trust  that  no  delay  or  impediment  will  now  occur  to  a 
work  EO  very  desirable,  and  which  will  reflect  so  much  honour 
on  the  enlightened  liberality  and  humanity  of  our  Admiralty, 
and  on  the  skill  and  activity  of  its  surveyor. 

The  boast  of  Zetland  is  everywhere  bold  and  prominent,  and 
intersected  with  numerous  and  excellent  harbours,  of  which 
the  headlands  are  the  sublime  and  natural  beacons  ;  and  there 
are  few  situations  in  which  the  seaman  can  be  placed  where  the 
confident  guidance  of  an  accurate  chart  might  be  of  such  ^ara*- 
knount  utility,  and  few  where  the  want  of  it  might  be  so  perilous 
and  fatal.  Such  a  chart  of  Zetland  would  be  a*  permAilent  one; 
unlike  in  this  respect  to  many,  regarding  other  parts  of  Great 
Britain,  which  require  to  be  frequently  modified  to  suit  the 
changes  produced  by  the  action  oi  the  waves .  in  the  formation 
and  dissolution  of  sand-banks.  And  where,  even  the  best 
charts  can  be  too  often  of  little  other  use,  from  the  scarcity  of 
harbours,  than  to  present  more  distinctly  to  the  nfifortunate 
inariner  the  locality  of  his  inevitable '  and  impending  ship- 
wreck, r. 

16.  On  the  Thermometrical  State  of  the  Terrestrial  Globe* 

M,  Arrago,  in  an  article  in  the  '*  Annales  do  Physique," 
discusses  the  question  of  the  temperature  of  the  globe, at  itiS 
S^urface,  and  arrives  at  this  conclusion,  that  in  Europe  in  general, 
and  id  particular  in  Prance,  the  winters,  some  centuries  back, 
hate  been,  as  cold  as  at  present.  He  ^unds  his  opinion  npoa 
the  fact  of  the  fbeesting  of  the  rivers  and  seas  iat  a  great  number 
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of  periods  even  of  very  remote  date.  The  aufclior  then  gives  a 
table  of  the  extreme  temperatures  observed  at  Paris,  from  which 
there  resuUs  that,  in  the  second  half  of  the  last  century,  the 
grentest  cold  (23; 5°  cent.)  took  place  in  the  2olh  January,  1795, 
tnd  the  greatest  heat  (38-4°)  oh  the  8th  July,  1793.  He  then 
glres  the  temperaturee  observed  during  the  expeditions  of  Cap' 
tains  Parry  and  FrankUn,  and  the  dates  of  the  natural  congela- 
tion of  mercury,  together  with  the  tables  of  the  maximum  tem- 
peratures observed  on  land,  the  maximum,  temperatures  of  the 
atmosphere  observed  on  the  open  sea  at  a  distance  from  the 
tontineiits,  and  of  the  masimum  temperature  of  the  sea  at  its 
furfacG.  From  tliese  observations  together  M.  AiTago  draws 
the  following  conclusions  :  1st,  In  no  part  of  the  earth  on  land, 
and  in  no  season,  will  »  thermometer,  raised  from  2  to  3  metrea 
above  the  ground,  and  protected  from  all  reverberation,  attain 
the  46tb  centigrade  degree;  2dly,  In  the  open  sea,  the  tempe- 
rature of  the  air,  whatever  be  the  place  or  season,  never  attains 
the  31st  centigrade  degree;  3dly,  The  greatest  degree  of  cold 
which  has  ever  been  observed  upon  our  globe,  with  a  thei-mo- 
mater  suspended  in  the  air,  in  50  centigrade  degrees  belotr 
zero ;  4thly,  The  temperature  of  ths  water  of  the  se&,  in  no 
latitude,  and  in  no  season,  riaes  above  30  oeutigrade  degreesv— 
(Ami.  de  Phjs.  et  de  Chira.) 

I  }  16.  Light  of  Haloes. 

HL>I.  Arrago,  from  observations  made  on  the  1 1th  April,  1835, 
P^rith  the  instrument  which  he  has  invented  for  the  examinatioa 
'  ol' polarized  li^ht,  has  discovered  that  the  hght  of  haloes  (lumi- 
nous circles  which  aotnetimes  appear  round  the  sun,  and  whose 
apparent  diameters  are  22|°  and  46°),  is  not  a  reflected,  but  a 
refracted  light;  a  result  which  gives  much  probability  to  tba 
eicnlanation  of  the  phenomenon  proposed  by  Mariotte.  This 
philosopher  supposed  that  the  solar  ray  is  refracted  in  its  pasRage 
through  tlie  drops  of  water  frozen  and  suspended  in  the  atmo- 
sphere.  M.  Arrago  is  of  opinion,  that  the  observation  of 
haloes  might  lead  to  the  discoveryof  the  truelavvof  the  decrease 
of  temperature  in  proportion  as  wc  rise  from  the  eai-th's  sur&ce, 
a  law  which  hitherto  Iims  had  no  other  foundation  than  a  single 
aerostatic  ascension  of  Gay  Lussac — (Bullet,  Univ.  May,  1826.) 


¥ 


17.  Oil  Aerol/les. 


Mr,  Rose  of  Berlin  has  succeeded  in  separating,  from  a  large 
specimen  of  the  aerolite  of  Javenas, '  well  marked  cryfitals  of 
augite,  of  the  tigare  109  of  Haiiy's  Mineralogy.  The  Bttitte 
specimen  appeared  also  to  contaio  ciystaiB  of  felspar  with  soda, 
that  is,  of  albite.  He  ntso  finds,  that  the  ohvine  of  the  Pdllm 
meteoric  iron  ia  perfectly  cryslaHized,  and  that  the  trachytes  Of 
the  Andes.  likeUie  Q.srolite  of  JiLveiias,48iiEux«d  with«ugiteiwd 
■albite.— (Edin.  Phil.  Journal.) 
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18.  On  Evaporation, 

Pouillet,  from  a  series  of  experiments  he  made,  on  the  evapo- 
rtition  of  liquids,  infers  :  1.  That,  during  the  evaporation  of 
perfectly  pure  water,  no  electricity  is  evolved.  2.  That  when 
water  contains  certain  alkalies  in  solution,  electricity  is  evolved, 
which  is  vitreous  for  the  apparatus,  when  the  alkali  is  fixed,  and 
resinous  when  the  alkali  is  volatile,  as  ammonia. — (Edin.  Phil. 
Journal.) 

19.  Amsterdam  Canal. 

It  may  be  said,  with  justice,  that  Great  Britain  has  outstripped 
all  the  other  countries  of  Europe  in  what  regards  the  undertasmg 
and  execution  of  pubUc  works,  in  which  utihty  and  grandeur  of 
conception  go  together.  We  had  been  accustomed  to  consider 
as  unique  in  its  Kind,  both  with  respect  to  its  extent  and  its 
other  dimensions,  our  Caledonian  Canal,  which  can  carry  a  large 
frigate  from  the  North  Sea  to  the  west  coast  of  Scotland ;  bat 
the  new  Amsterdam  canal,  which  establishes  a  direct  commu- 
nication between  the  ocean  and  this  important  place  of  com- 
merce, surpasses  in  depth  and  breadth  every  thing  of  the  same 
nature  existing  in  Great  Britain.  It  appears  that  a  frigate  of 
44  guns  has  already  passed  along  its  whole  extent,  and  it  is  even 
capable  of  receiving  vessels  of  80  guns.  The  projected  Ports- 
mouth canal,  which  is  intended  to  receive  vessels  of  the  line, 
-would  rival  that  of  Amsterdam  as  to  depth  and  width,  and 
surpasa  it  in  length,  in  proportion  of  a  hundred  to  fifty  miles. — 
(Edin.  Phil.  Journal.) 

20.  Sea  Horse  killed  in  Orkney. 

An  extract  of  a  letter  from  Robert  Scarth,  Esq.  of  Kirkwall, 
is  given  in  the  last  number  of  the  Edinburgh  Philosophical 
Journal,  describing  the  capture  of  a  walrus  of  very  large  size, 
which  after  having  been  first  seen  in  the  opening  of  the  Pent- 
land  Frith,  was  again  discovered  lying  on  the  rocks  of  the  island 
of  Eday  by  one  of  the  shepherds  of  the  proprietor,  who  had  the 

food  fortune  to  wound  it  severely  by  a  shot  in  the  body,  and 
aving  followed  it  to  sea,  with  some  comfpatiions,  in  a  boat, 
succeeded  in  ultimately  making  prize  of  it,  and  towing  it  ashore. 
In  the  adventure^  one.  of  the  party  had  nearly  paid  dear  for  his 
expedition,  for  having  seized  the  walrus  by  its  hind  leg,  the 
animal  pulled  him  out  of  the  boat,  and  dragged  him  to  the  bot- 
tom, an^ii  was  with;  difficulty  his  life  was-  saved.  This  is  the 
first  instance,  Mr.  Scarth  says,  of  any  of  these  formidable 
inhabitants  of  the  polar  regions  having  been  met  with  on  our 
coasts.^'  The 'bid^;  though  dried  and  a  good  deal  shrunk  up, 
measured  15  feet  in  length  and  13  in  breadth,  and  was  rather 
more  than  1  inch  thick.  The  skin  is  in  the  Royal  Museum  of 
Ae  Uifivemty  of  Edinburgh •~(£din,  PhiL  Joum.) 
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NEW  SCIENTIFIC  BOOKS. 


A  new  Edition  of  Dr.  Henry's  Elements  of  ChemiBtry,  2  vole.  8vo. 
will  be  ready  in  a  few  days. 

An  HistoricBl  View  of  tlie  Hindoo  AstronoDiy,  from  the  earliest 
Dawn  of  that  Sdence  in  India  dawn  to  the  present  Time.  By  John 
Bentley,  Mem.  Asiat.  Soc. 

Loudon's  Encycloptedia  of  Agriculture. 

Researches  in  Pathology,  Fart  I.  containing  an  Inquiry  into  the 
Nature  and  Treatment  of  Dropies.     By  Dr.  Ayrc. 

A  Treatise  on  Clock  and  Watch  Making,  TheorelicBi  and  Practical. 
By  Thomaa  Reid,  Author  of  the  Article  '  Horology,'  in  the  Edinburgh 
Encydopeedia.     Royal  8vo.  illustrated  with  numerous  Plates. 


The  Practical  Miner's <3uide;  with  a  Treatise  on  the  Art  and  Prac- 
tice of  assaying  Silver,  Copper,  Lead,  and  Tin,  &c.  By  J.  Rudge. 
Boyal  8vo.     11.  lOi. 

ATreatise  on  the  Ligaments;  intended  as  an  Appendix  to  Sir  A. 
Cooper's  Work  on  Dislocations,  and  Fractures  of  the  Joints.  By 
Bransby  B.  Cooper.     Boya]4to.     Plates.     Ills. 

The  Art  of  rearing  Silk-worms:  from  the  Works  of  Count  Dandolo. 
PostSvo.     9s.  Bd.  .     "  '        " 

The  English  Flora.  By  Sir  James  £.  Smith,  Pres.  Lin.  Soc.  Sec. 
Vol.3.     I2s. 

,  A  Short  Inouiry  into  tfie  Capillary  Circulation  of  the  Blood ;  with  a 
Comparative  View  of  the  moi^  intimate  Naiure  of  Itiflammadon.  By 
James  Black,  MD.     8»o,    6*.        ' 

Mathematics  for  Practical  Men,  being  a  Commonplace  Book  of 
Principles,  Theoroms,  Rules,  and  Tables  in  various  Departments  of 
Pure  andMixed  MalJtematics,  with  their  most  useful  Apphcations, 
&c.  By  Olinthua  Gregory,  LL.D.  &c.  8vo.  Illustrated  with  Plates, 
and  230  Wood-cuts.     l+i.* 

Typqgraphia:  an  llistorical  Sketch  of  the  Origin  iind  Progress  of 
Trinting,  witU  practical  Directions  for  conducting  every  Department 
in  an  Office:  also  an  Account  of  Stereotype,  Lithography,  and  Deco- 
rative Priming.  By  T.  C.  Hansard.  In  one  hirge  Volume,  8vo. 
lUustrRled  with  nunierous  Portraits,  Drawings  of  Printing  Machinery, 
and  other  Wood-cuts.     Si.  Ss. 

MedtcoJChirurgrcal  TransactitmB,  Vol;  IS,  'Part  I.  8vo.  Plates. 
12,.  ■  ■'.     -   ,     ■  ■•■■.<    ■■■' 

A  Manual  of  the  Elements  of  NMutsI  History.  By  J-P-  Blumenbach, 
Prof.Uaiv,  of  GbttjiiKen.  Translated  from  the  Tenth  German  Edition, 
b^R^T.Gore^AJBCS.{x)nd.    8vo..   14f.  . .; 
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New  Patents. 


[NoTi 


Article  XV. 

NEW  PATENTS. 

W.  Duesbury,  Boasal,  Derbyshire^  colour  manufacturer,  for  a  mode 
of  preparing  or  manufacturing  of  a  white,  from  the  impure  native  sul- 
phate of  barytes. — Sept.  29.  ; 

J.  Martineau,  the  younger,  Cityoroad*  engineer^  aod  H.  W.  Smith, 
Lawrence  Pountney-place,  for  improvements  in  tli^  manufacture  of 
steel. — Oct.  6.  .  i 

Sir  G.  Cayley,  Brompton,  Yoirkshir^v '  Bart,  for  a  new  locomotive 
apparatus,-— Oct.  6. 

J.  S.  Broadwood,  Great  Pultn«yHBtreet,  piano*forte  maker^  fof 
improvements  in  square  piano*fortes.--*Oct.  6. 

T.  Howard,  N^w  Broad-street,  merchant^  for  a  vapour  engine.-^ 
Oct.  13.  . 

N.  Kimball,  New  York,  merchant,  for  a  process  of  converting  iron 
into  steel. — Oct.  13. 

B.  Saundersj  Bromsgrove^  Worcestersliire,  button  manufacturer^  for 
improvements  in  constructing  or  making  of  b^ttons.«— Oct.  IS.  . 

T.  Dwyer,  Lower  Ridge-street,  Dublin,  ^ilk  manufacturer,  foi! 
improvements  in  the  manufacture  of  buttons. — Oct.  13. 

J.  C«  Daniell,  Stoke,  Wilts,  clothier,  for  improvements  in  machiner^^ 
applicable  to  the  weaving  of  woollen  cloth. — Oct.  13. 

J.  Easton,  Braford,  Somersetshire,  for  improvements  in  locomotive 
or  steam  carriages;  and  also  in  the  manner  of  constructing  the  roads 
or  ways  for  the  same  to  travel  over. — Oct.  13, 

W.  Hirst,  J.  Wood,  and  J.  Rogerson,  Leeds,  for  improvements  ia 
machinery  for  raising  and  dressing  of  cloth.-^Oct.-  2L 

R.  S.  Femberton,  and  J.  Morgan,  Lanelly,  Cajrmarthenshire,  for  4 
consolidated  or  combined  drawing  and  forping  pump.p^*-Oct.  21. 

G.  Gurney^  Argyle-street,  Middlesex,  surgeon,,  for  improvements 
in  (he  apparatus  for  raising  or  generating  steam. — Oct.  21. 

L.W.  Wright,  Princes-street,  Lambeth,  Surrey,  engineer,  for  im» 
provements  in  the  construction  of  steam-engines. — Oct.  21. 

H.  C.  Jennings,  Devonshire-street,  Miijdlesex,  practical,  chemist; 
for  improvements  in  the  process  of  refining  sugar. — Oct.  22. ' 
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Articlk  XVI. 


METEOROLOGICAL    TABLE. 


: 

BahoIcbtar. 

tUBHUOmBtlLit,  \ 

■ 

^   « 

.  I8«d. 

Wind.. 

MUri.  . 

Mim 

Sfax. 

MiB. 

"Emsp. 

Baiiw  : 

^tb  Mon. 

.  ■  ■    c  ■  •     * 

'  '  •  ; 

^     > 

t     •  ■ 

• 

.    »  .  .  • 

Sept  1 

N   E 

30-27 

30-18 

84 

53 

> 

2 

N   E 

30-31 

30-27 

83 

52 

• » 

•  ».        ^ 

3 

S   W 

30-31 

30-17 

78 

52 

— 

4 

N  W 

30-18 

30-17 

71 

50 

». 

5 

N  W 

30-18 

30-13 

65 

43 

— 

6 

N  W 

30-13 

29-94» 

71 

46 

— 

7 

N  \V 

29-94 

29  80 

81 

55 

— i 

8 

N  W 

29-86 

29-8O 

82 

50 

-87 

9 

s    w 

29*86 

2§-82 

81 

55 

— 

10 

s    w 

29-82 

2973 

81 

60 

— 

19 

11 

s    w 

29-88 

2973 

76 

56 

— 

18 

12 

s 

29-92 

29-88 

77. 

55 

.r-.. 

la 

8  t 

29'88 

29-63 

■  74 

5$ 

— • 

23 

14 

N      E 

29-70 

2965 

73 

60 

•   . 

n 

15 

N  W 

29-97 

2970 

70 

50 

.. 

IG 

s    w 

3000 

^996. . . 

.  .74.- 

62 

f— 

17 

S   E 

2996 

29-95 

78 

58 

•90 

56 

18 

s    w 

2995 

29-92 

72 

64 

•— r 

05; 

19 

s    w 

29-92 

29-92 

72 

56 

—1 

<  20 

s    w 

2994. 

^9-75 

7S. 

60 

+— 

06 

21 

s    w 

29'8l  ' 

2975 

69 

57 

— 

13 

22 

N  W 

;..30-J«. 

2^&1 

■  66 

44 

.-  m^^        ' 

23 

N  W 

1  30-18 

30-16 

66 

45 

■^i- 

•  . » 

24 

s    w 

•  80-19 

SO-'U- 

"70  ■ 

63 

■  •  _    ■ 

•   1 

25 

s    w 

30- 19 

3008 

73 

59 

— 

64 

26 

s    w 

30-28 

3008 

71 

48 

i— 

27 

NT  W 

30-48 

30-28 

73 

41 

•94 

^8 

N  W 

30-48 

30-41 

66 

41 

._ 

29 

E 

30-41 

30-16 

60 

43 

30 

E 

30-16 

30-02 

57 

52 

•30 

39 

^  '      • 

30-48 

29-65 

84 

41 

3-01 

2-53 

The  observations  in  each  line  of  the  table  apply  to  a  period  of  twenty-four  hours, 
beginning  at  9  A.  M.  on  the  day  indicated  in  the  first  c(^umn.  A  dash  denotes  that 
the  result  is  included  in  the  next  foUowing  observatioii. 


400  Mr.  Howard^s  M^eorohgical  Journal.     [Nov.  1826. 


REAIAKKS. 


NhUh  .IfoM^A.— 1— 9.  Fine.  10.  Day  fine:  rainy  night.  11,  12.  Fine 
13.  Cloudy:  several  vivid  flauhes  of  lightning  ahout  deven,  a.m.  followed  by  along 
peal  of  thunder,  and  a  very  heavy  ihower  of  rain.  14.  Rainy.  '  16,  16.  Ckmdy. 
If.  Showery.  18—80.  Cloudy.  21.  Showery.  22,  23.  Rne.  24.  Cloudy. 
25.  Cloudy  nighi:  rainy,  26.  Cloudy.  27.  Fine  :  a  stratus  in  the  marshes  at  night 
28—30.  Fine. 


RESULTS. 


Win^:    N£,  3;  £,  2;  S£,  2;  S,  1 ;  SW,  12;  NW,  10. 
Barometer :  Mean  height 

Forihc  month ...••• r 30*022 inches. 

Thermometer:  Mean  height 

For  the  month .« 02*863^ 

Evaporation ««• 3<01  in. 

Rain ..••....  2*53 
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DECEMBER,   1825. 


Article  I. 

tt  the  Means  of  ascertaining  the  comparative  Tanning  Poteen  of 
^^Astringents.  By  Mr.  Edward  Bell  Stephens,  Chemical 
.  Assistant  to  the  Royal  Dublin  Society. 

(To  the  Editors  of  the  J/iwo/s  ofPki/osojihi/.)  I 

UENTLEMEN,  Oct.  17,  1835. 

Of  all  the  manufactures  which  depend  on  chemistry  for 
explanation  and  improvement,  that  of  Leather,  though  highly 
favoured  by  the  attention  of  sciientific  men,  is  still,  perhaptt, 
jrtost  in  need  of  their  aid. 

Notwithstanding  Seguin'a  happy  discovery  of  the  chemical 
affinity  between  tan  and  gelatine,  which  promised  to  introduce 
sometbing  like  analytic  certainty  into  his  ait,  the  practical 
tanner  is  yet  unable  to  estimate  the  goodness  of  any  bark 
(previous  to  its  actual  use,)  otherwise  than  by  its  external 
characters.  He  depends  wholly  on  the  colour,  taste,  and  the 
healthy  brittlenesa  which  in  many  cases  requires  an  experienced 
^e  to  distinguish  it  from  the  brittleuess  produced  by  decay.  By 
the  mere  appearance  he  may  indeed  discriminate  between 
sound  and  unsound  bai-k  of  the  f>ame  species;  but  when  both  are 
fresh  and  healthy,  or  of  different  kinds  (for  instance,  valonia  and 
cork  tree  baik),  his  eye  and  tongue  no  longer  assist  him  in 
determining  the  proportional  worth  of  either. 

Any  method  therefore  which  would  enable  the  tanner  to 
ascertain  with  speed  and  certainty  the  comparative  value  of 
astringents  (of  which  the  market  always  affords  a  striking 
variety)  by  the  examination  of  samples,  previous  to  purchase, 
would  be  a  great  step  towards  rendering  his  business  safe, 
consistent,  and  regularly  profitable  ;*  and  would,  no  doubt,  be 


•  A  ftiend  Msurei  me  ih 
t  'iSI.  a  ton)  hbd  offered  t 
3n,inTuii:  theybadnon 

New  Series,  vol.  : 


.  vslonia  (wliich  i»  now  miirh  in  demand  amongi^t  i 
tliem  from  Ital^,  30  yeais  ago,  in  anj  quantity,  i 
arit  of  ascertuninii;  ita  value  experimentBlly. 
2    D 


402  Mr.  Stephens  on  the  [Dec. 

the  means    of  introducing    general  improvements  into  every 
branch  of  the  manufacture. 

To  arrive  at  this  is  thfe  object  of  the  |fcresent  essay.  However, 
as  several  chemists  of  unquestioned  talent  and  extensive  know- 
ledge have  preceded  me  in  tdnis  inquiry,  and  as  a  process  to 
effect  this  particular  object  has  already  been  proposed  by  high 
authority,  it  may  be  proper  to  state  the  circumstances  which 
rendered  a  rejectioti  of  the  mbde  so  recotnmend^d>  a  matter  of 
expediency,  indeed  of  necessity. 

In  the  year  1803,  Sir  H.  Davy  published  an  essay  in  the 
Phil.  Trans.  '*  On  Vegetable  Astringents;"  and  another  in  the 
Journals  of  the  Royal  Institution,  "  On  the  Process  of  Tan- 
ning," which  were  both  of  high  importance  to  the  practical 
tanner,  as  affording  him  a  clear  and  masterly  explanation  of 
the  varieties  of  chemical  action  th&t  take  place  in  this  interesting 
manufacture.  These  valuable  essays  peculiarly  exemplify  tt^e 
happy  tact  by  which  the  talented  author  cad  s6  well  illastrate,by 
practical  application,  the  importance  of  his  scientific  researches. 

In  this  excellent  spirit  of  ufeefiil  illbstration.  Sir  H.  l>avy  pro- 
poses the  following  process  (videJ  Jour.  Roy.  Inst.  1803)  for  the 
attainment  of  this  wished-for  mercantile  comparison. 

"  The  solution  of  gelatine^  most  proper  for  tne  general  purpose 
of  experiments,  is  mad^  by  dissolving  an  ounce  of  glue  or 
of  isinglass  in  three  pints"  of  boiling  water. 

*^  The  substance  to  be  examined  as  to  its  tanning  poWet  in&y 
be  used  in  the  quantity  of  two  ounces.  It  should  be  in  a  fetaw 
of  coarse  powder,  or  of  small  fragmehtSi  A  quart  of  boiling 
wdter  will  be  sufficient  to  dissolve  its  astringent  principles. 

"  The  i^olutioti  of  glue,  or  gelatine,  toust  be  phd^red  into  the 
iiStringeht  ihfusion>  till  the  effect  of  precipitAtioh  h  kt  an  end. 

*'  The  turbid  liquors  must  then  be  passed  through  a  ^ieccl  of 
blotting  paper,  which  has  been  before  weighed. 

"  When  the  precipitate  has  been  collected,  And  th^  paper 
dried,  the  increai3e  of  its  Weight  is  determined,  and  about 
two-fifths  of  this  increase  of  weight  may  be  taketi  as  the  quan- 
tity of  tannin  in  the  ounce  of  the  substance  examined.** 

If  no  well-grounded  objections  had  been  discovered  to  this 
apparently  simple  process,  it  would  have  ensured  greater  advan- 
tages to  the  leather  manufacture  than  any  previously  obtained 
through  the  medium  of  scientific  investigation ;  but  Sir  H.  Davy 
has,  with  his  usual  candour,  stated  several  niceties  connected  with 
its  management  (Phil.  Trans.  1803),  which,  to  ensure  accuracy, 
require  particular  attention ;  and  therefore  tending  (in  the  hancls 
of  any  but  a  practised  experimentalist)  to  render  the  process 
very  fallacious. 

From  my  own  experience,  I  can  state  that  the  idea  of  this 
nicety  of  manipulation,  requisite  by  the  author's  own  showing,  has 
been  quite  suracierit  to  deter  every  person  in  the  tanning  busi- 
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ness  ID  Dublin  from  entering  into  such  an  analysis ;  but  as  thft-  I 
object  proposed  is  truly  important,  and  hs  the  scientific  world  , 
yet  appears  to  be  of  opinion  that  the  process  should,  with  propel?  I 
attention,  lead  to  forrecf  vesuUa,  it  may  be  well  to  re  capital  atS  ' 
the  sources  of  error,  which,  in  my  opinion,  render  it  totally 
inadmissible.  "* 

1.  The  rfcffreeo/'towcrairafioH  of  the  solutions  (of  tan  and  ^ela*  J 
tine)  has  a  decided  influence  on  the  quantity  of  the  precipitatlr.  r 
formed ;  the  strovgest  solutions  giving   most :   so  that  a  haA 
sample   of  bark  which    only  partially/  saturated  the  quart   of  I 
water  employed,  would,  on  this  account,  appear  (by  its  deficieni  1 
precipitate,)  worse  than  it  really  was.    This  is  a  serious  cause  of  I 
inaccuracy,  for  it  is  without  a  remedy.    Evaporation,  to  equality  ' 
the  strength  of  the  infusions,  is  here  inadmissible,  as  boihng,  o^ 
even  moderate  continued  heat  with  exposure,  is  found  to  precAi 
pitate  both  tan  and  extract  in  an  insobibh  form.  ' 

Additions  of  the  astringent  substance  under  examination,  6rf  ( 
bring  up  the  specific  gravity  of  the  weaker  infusion,  afford  no  snre]^  \ 
means  of  equahzing  the  tanning  matter  in  both.     For  the  muct 
lage  present  in  vegetable  astringents,  so  far  influences  the  specific 

fravities  of  their  solutions,  that  their  equality  in  this  respecl  ' 
etermines  nothing  to  the  purpose.  ^ 

2.  When  bad  samples  (giving   weak  infusions)  are  testedj 
ihe  precipitate  is  not  entirely  retained  on  the  filter;  but  (nofc*.  ' 
withstandmg  repeated   filtration)   is  partially  carried  throu^  1 
with  ths  residuiu  liquor,  in  which  it  remains  a  long  time  sub*  ] 
pended,  rendering  it  turbid  and  opaque.  '  ' 

3.  The  solution  of  gelatine  must  be  /mA  made  preparatory  ' 
to  every  new  set  of  experiments ;  for,  if  it  lie  till  tainted,  its 
power  of  precipitating  tan  will  be  materially  impaired.  ' 

4.  The  solution  of  gelatine  must  be  iu  as  high  a  state  ef  ] 
saturation  as  is  compatible  with  its  perfect  fluidity ;  and  \A  J 
ensure  this  latter  requisite,  heat  mwst  be  applied  to  keep  it  at  a  | 
standard  temperature  during  the  experiment.  ■   I 

5.-  Great  care  must  be  taken  to  prevent  excess  of  gelatinti 
in  the  mixed  liquors,  for  when  this  excess  exists,  a  portioli  of  the 
solid  compound  formed  is  redissolved. 

So  far,  it  may  be  said,  these  are  only  difticultiea  in  practice  to 
the  attainmentof  correct  results  ;  but  Sir  H.Davy  mentions  one 
striking  fact,  which  is,  in  reality,  an  objection  in  principle  to  the 
institution  of  any  comparison  (oy  tfiis  mode)  between  astringenl§ 
7iot  of  the  same  species.  He  says  (Phil.  Trans.  1803),  "  the 
tanning  principle,  in  different  vegetables,  demands  for  its  satuJ 
ration  different  proportions  of  gelatine;"  so  that  precipitated 
from  valonia  and  sumach  (by  gelatine)  of  equal  weight,  might 
contain  wweyiia/ qu an ri ties  of  tan. 

Since  the  publication  of  the  two  essays  above-mentioned,  this 
2i>2 
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hitherto  intricate  subject  has  beea  greatly  elacidated  by  the 
original  researches  of  Dr.  Bostock^  who,  in  the  year  1809,  was 
engaged  in  a  series  of  experiments  (tjhe  converse  of  Sir  H.  Davy's) 
in  search  of  a  vegetable  astringent  which  might  serve  as  a 
certain  test  to  determine  the  quantity  of  gelatine  in  animal 
fluids;  during  which  examination  he  found  so  many  new  sources 
of'  error,  both  in  practice  and  principle,  from  the  use  of  tan  as 
a  test  Jar  the  quantity  of  gelatine,  that  he  was  compelled  to 
abandon  it.  As  i  conceive  that  these  objections  ecjually  apply 
to  the  use  of  gelatine  as  a  test  for  the  quantity  oj  tan,  I  will 
here  enumerate  them,  and  thus  bring  into  one  view  the  mass  of 
evidence  which  compels  us,  however  unwillingly,  to  forego  the 
mode  of  examination  proposed  by  Sir  H.  Davy. 

Dr.  Bostock  discoverea  that  isinglass  and  glue  (in  thie  state 
i%  which  we  generally  obtain  them)  both  contain  impurities: 
in  isinglass,  the  insoluble  matter  sometimes  amounts  to  -gV^  ^^ 
the.  whole ;  a  circumstance  rendering  it  necessary  to  separate 
this  pure  portion  by  solution,  and  resolidify  it  by  evaporation. 
The  glue  is  a  still  more  uncertain  article  from  the  quantity  of 
water  it  contains,  fsome  pieces  dried  at  150^  Fahr.  for  24  hours, 
indicating  so  mucL  as  \0^  per  cent.)  as  well  as  from  the  coagfL" 
lated  albumen  ana  muriate  of  soda  which  exist  in  it.  Agiun, 
isinglass  and  glue  differ  remarkably  in  Xhoix  powers  of  concretion: 
a  solution  of  the  former  containing  -^th  of  solid  matter  would 
be  when  cold  perfectly  co72cre^e/  wnilst  a  solution  of  the  latter 
containing  an  equal  weight  would  (though  strongly  adhesive) 
remain  qmtejtuia  when  cold.  ^ 

In  his  endeavours  to  procure  pure  tan.  Dr.  Bostock  found  that 
the  extract  of  rhatany  contained  it  in  a  state  more  free  from 
impurities  than  any  vegetable  astringent  we  are  acquainted  with ; 
and,  therefore,  with  an  infusion  of  this  substance,  and  the  puri- 
fied isinglass  formerly  mentioned,  he  pursued  his  experiments. 

In  addition  to  the  difficulties  previously  detailed,  he  found  that 
all  the  precipitates  of  tanno*gelatine  caught,  as  directed,  on  a 
filter,  sphered  so  strongly  to  me  paper  that  they  could  not  after- 
wards be  completely  separated.  Weighing  the  paper  also  (before 
and  after)  does  not  remedy  this  inconvenience,  for  the  strong 
solurions  so  thoroughly  pervade  it,  as  to  defeat  all  attempts  at 
accuracy. 

But  the  most  striking  result  obtained  by  Dr.  Bostock  is, 
that  the  precipitates  formed  by  the  gradual  mixture  of  solutions 
of  tan  and  gelatine,  differ  in  their  composition  at  almost  every 
drop.  The  first  portion  of  gelatine  throws  down  a  solid  curd 
containing  50  per  cent,  of  tan :  the  ensuing  additions  form 
opaque  compounds  containing  less  and  less  of  tan,  till,  at  last, 
the  gelatine  uas  so  little  left  to  unite  with,  that  it  is  unable  to 
become  a  real  solid,  and  thus  the  imperfect  purd  last  formed 
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(being   nearly   all  gelatine)    remains    suspended  through  the 
fluid. 

This  one  fact  is  sufficient  to  invalidate  the  whole  process,  and 
all  the  calculations  founded  on  it,  respecting  the  quantity  of  tan 
present  in  any  solution  ;  for  they  rested  entirely  on  the  presump- 
tion that  tan  and  gelatine  always  combined  in  one  proportion 
only ;  whereas  it  appears  from  Dr,  B.'s  researches,  that  they  are 
capable  of  uniting  in  sBYCral:  gelatine  combining  chemically 
with  an  ei/Mrt/weightoftan,  if  within  its  reach,  and  also  influenced 
so  strongly  by  a  smaller  portion,  though  the  union  here  may  be 
somewhat  mechanical,  as  to  leave  its  solution  in  water  to  unite 
with  it.  (Vide  Nicholson's  Journal,  vol.  24,  "  On  the  Union  of 
Tan  and  Jelly,"  and  "  On  Vegetable  Astringents.") 

I  am  particularly  anxious  to  draw  to  these  masterly  researches 
of  Dr.  Bostock,  the  attention  they  so  well  deserve,  and  have  J/et 
to  receive.  Hitherto  it  appears  they  have  been  almost  unknown, 
or  overlooked,  as  not  containing  facts  so  closely  connected  with 
the  present  subject. 
■  In  Sir  H.  Davy's  "  Agricultural  Chemistry,"  published  1813, 
the  process  recommended  in  1803  is  repeated  with  Uttle  variation, 
and  a  table  is  given  of  the  quantities  of  tan  in  various  barks, 
estimated  by  the  jelly  test.  This  table  is  copied  into  the  last 
edition  of  Brande's  "  Manual  of  Chemistry,"  without  any  expres- 
sion of  a  doubt  ofits  correctness  in  priwcip/e,  and  also  into  the  last 
edition  of  Henry's  "  Elements  of  Chemistry,"  in  which  we  find 
stated  (vol,  ii.  p.35S) :  "  In  general,  however,  Dr,  Bostock  has  been 
led  to  conclude  that  the  compound  formed  by  the  union  of  jelly 
and  tan  consists  on  an  average  of  somewhat  less  than  two  parta 
of  tan  to  three  of  gelatine ;"  whereas  Dr.  B.'s  last  paper  (above-- 
mentioned) leaves  us  no  hope  oi' ajij/  data  to  ground  ourcalcula*' 
tions  on. 

In  the  Herculean  task  which  an  editor  of  a  systematic  work 
on  chemistry  necessarily  undertakes,  it  is  a  moral  impossibility 
that  he  can  find  time  to  consider  the  bearing  which  all  the  expe- 
rimental facts,  scattered  through  our  numerous  scientific  jour- 
nals, have  on  received  opinions  and  theories.  Such  omissions 
are  continually  occurring  in  similar  elementary  works  on  other 
sciences,  in  the  hands  of  most  diligent  and  faithful  compilers. 
For  my  own  part  1  am  so  satisfied  of  the  proper  feehng  enter- 
tained on  such  points  by  the  gentlemen  at  the  head  of  the  science 
to  which  I  have  the  honour  to  be  attached,  that  having  once 
called  their  attention  to  the  matter,  1  will  leave  its  adjustment 
entirely  to  them. 

In  endeavouring  to  strike  out  an  unexceptionable  process  for 
the  use  of  tanners,  and  complete  this  test  in  the  spirit  oftUilit^ 
in  which  Sir  H,  Davy  had  first  conceived  it,  I  found  it  necessary 
to  take  a^ifferent  path  from  that  pursued  by  Proust  and  Troms- 
4or£f,  who  endeavoured  by  the  action  of  reagents  to  deprive  tan 
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of  the  varioua  mKlters  naturally  coaibin«d  with  it,  and  which 

essentially  naodify  its  action  in  every  case  hitherto  brought  under 
our  notice.  Now  the  test  required  ought  to  resemble  in  its 
action  that  wbicli  takes  place  in  a  tanner's  pit ;  fur  if  the 
mode  of  trial  adopted  differ  materiatly  in  principle  from  the 
manufacturing  process  which  it  is  framed  to  aid,  any  estimate 
of  the  value  of  astringents  founded  on  it  wiU  tie  seriously  in 
error.  For  instance,  a  tanner's  profit  chiefly  depends  on  the 
increase  of  weight  which  a  hide  acquires  during  the  process  that 
converts  ic  into  leather.  This  in  strong  (sole)  leather  is  generally 
one-third  of  the  dry  weight,  or,  what  taoners  are  more  accus- 
tomed to  calculate  on  in  Ireland,  the  finished  leather  is  half  the 
weight  of  the  hide  when  fresh  from  the  slaughter-house.  The 
extractive  matter  forms  an  important  part  of  this  weight,  and, 
therefore,  any  testwhich  the  manufacturer  might  apply  to  aacer- 
tain  the  tanning  power  of  an  astringent  material,  and  wliich  acted 
only  on  pure  tan,  would  completely  mislead  him.  I  am  inclined 
to  think  any  gallic  acid  present  is  also  absorbed  by  the  skin.  In 
spent  ouze  the  power  of  striking  black  precipitates  with  solutions 
of  iron  is  lost,  and  transferred  to  the  leather,  particularly  that 
made  with  oak  bark.  In  short  the  tanner  wants  something  whicli, 
when  presented  to  an  astringent  infusion,  will  seize  on,  and 
enable  him  to  estimate  every  thing  which  would  (in  his  process 
on  the  lai^e  ecale)  contribute  to  the  weight  of  his  leather. 

I  know  nothing  which  can  do  this  so  well  as  the  skin  itself, 
and  I  find  that  by  a  little  management  it  may  be  made  to  yield 
US  the  information  we  require,  quicker  than  has  hitherto  been 
thought  possible. 

It  cannot  be  doubted  that  a  strong  bull  hide  will  continue  to 
absorb  tanning  matter  for  two  years,  if  the  process  be  so 
arranged  ;  but  if  we  alter  the  usual  proportion  of  the  materials, 
the  result,  as  to  time,  will  differ  exceedingly.  If  a  fresh  skin  he 
shaven  down  to  a  very  thin  substance  on  a  currier's  beam,  or 
split  into  fine  leaves  by  a  machine,  so  as  to  expose  a  great 
expanse  of  surface,  and  a.  quantity  of  these  be  steeped  in  a  pro- 
portionally small  measure  of  tanner's  ouze,  they  will  in  n  very 
very  few  hours  imbibe  all  its  useful  tanning  substance,  and 
enable  him  to  ascertain,  by  the  difference  of  weight  before  and 
after  steeping,  the  exact  quantity  of  matter  in  solution,  that  can 
be  made  a,v  ail  able  in  the  manufacture  of  leather,* 

This  is  a  test  which  comes  home  to  the  business  of  every 
tanner ;  one  which  he  can  place  confidence  in,  because  he  can 
clearly  understand  it;  and  though  some  niceties  are  requisite  in 
this  process  also,  the  line  of  thought  necessary  to  attain  them 

*  The  Btfongest  anze  in  a  DubJin  tan  yud,  prepaid  in  the  usual  cold  method,  wu 
exhausted  of  toate  and  colour  by  this  mode  in  seven  hours  ;  b  decoction  of  valonia  (the 
strongest  I  was  able  to  make)  of  gp.gr.  1065,  was,  wilhlhe  atd  of  frequent  m&nipuluion, 
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already  bo  familiar  to  Iiim,  that  I  have  great  hopes  it  is  calcu- 
_  ted  to  hecorae  generally  useful. 

-  There  can  be  no  question  of  tlie  correctness  of  the  principle 
of  this  plan,  it  being  that  in  daily  operation  in  every  tannery, 
yet  the  6eld  is  open  for  improven^ent,  and  the  exercise  of  inge- 
nuity in  the  condiid  of  it ;  but  having  placed  the  subject  within 
the  grasp  of  the  manufacturer,  i  candidly  confess  his  superior 
right  to  prescribe  the  details,  and,  therefore,  look,  up  to  hini  for 
instruction  in  every  thing  connected  with  his  handicraft  opera- 
tions. 

As,  however,  I  have  made  several  experiments  to  ascertain 
the  proper  mode  of  proceeding,  and  acquired  some  experience 
in  the  matter,  I  wUliijgly  communicate  it,  and  devote  the 
remainder  of  this  paper  to  hints  which  I  hope  may  be  of  service 
to  the  tanner  in  going  through  the  test  on  his  own  account. 

As  the  object  is  to  institute  a  comparison  between  two  or 
more  astringents,  and  decide  quickly  on  their  respective  merits, 
whilst  the  articles  are  yet  at  market;  a  few  pieces  should  be 
selected  from  each  lot,  so  as  fairly  to  represent  every  parcel. 
The  whole  of  ea£h  sample  should  be  separately  ground  to  pow- 
der in  a  small  coffee  or  pepper  raill,  and  passed  successively 
through  the  same  sieve,  to  place  each  in  similar  circumstances. 
From  these  average  samples,  the  operator  may  take  equal 
weights,  and  obtain  complete  infusions  of  each  by  agitating  them 
with  successive  portions  of  warvi  water  till  all  the  soluble  mat! 
is  extracted. 

Though  6oi7i«gwaterwilIhastenthe  operation,  it  certainly  teni 
to  decompose  the  astringent  hquor  afterwards,  and  induces  it ' 
deposit  a  portion  of  iosoluble  matter  which  may  interfere  with 
correct  results.  Water  at  blood  Ineat  (98°  Fahr.)  ma.y  be  safely 
apphed  ;  bottles  to  infuse  and  shake  the  powders  in,  and  a 
piece  of  muslin  to  strain  through,  serve  these  purposes  com- 
pletely. Care  must  of  course  be  taken  to  preserve  and  return 
any  powdered  bark  which  may  remain  iu  the  strainer,  with  the 
next  quantity  of  warm  water.  Successive  additions  in  this 
manner  are  exceedingly  more  powerful  solvents  than  the  whole 
quantity  applied  at  once.  Their  efficacy  increases  in  a  geome- 
trical progression. 

When  tlie  several  infusions  yielded  by  one  sample  are  united, 
the  average  liquor  will  iu  general  be  found  sufficiently  weak  to 
be  acted  on  by  skin  with  the  greatest  effect ;  that  is,  to  afford 
all  the  colouring  matter  it  contains  along  with  the  tan ; — an 
advantage  the  tanner  is  prevented  from  obtaining  in  strong 
decoctions  of  hark.  If  his  experience  should  lead  him  to  think 
a  particular  infusion  too  strong  (which  may  occur  in  the  exami- 
nation of  astringent  extracts  similar  to  kino,  rhatany,  and  catechu), 
he  may  add  water  to  reduce  it  to  what  he  would  call  a  "  safe 
tanning  strength,"    Aliquot  parts  of  th^e  itifusio^  (onsrsi^dji 
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of  eaoh^  for  instance)  are  now  to  be  separately  submitted  to  the 
action  of  test  skins  (to  be  described  afterwards)  which  should 
be  carefully  handled  in  the  liquors  now  and  then  for  seven  or 
eight  hours  to  expose  new  surfaces  to  the  action  of  the  ouze, 
till  the  tanner  ascertains  by  eye  and  tongue  that  the  liquors  are 
absolutely  spent. 

There  are  a  number  of  critical  appearances  in  various  opera- 
tions, altogether  undescribable,  and  of  which  inanimate  tests 
give  us  no  warning,  and  keep  no  record  :  in  such  cases  it  fortu- 
nately happens  that  the  organs  of  sense  give  perfect  satisfaction 
to  an  experienced  operator.  In  the  process  under  consideration, 
habit  renders  their  decision  all-sufficient. 

The  skins  intended  for  the  trial  should  previously  be  well 
washed  in  tepid  water  to  extract  any  lime  which  they  may  have 
absorbed  in  the  process  of  depilation,  together  with  all  the  loose 
gelatine  which  can  be  squeezed  out  of  the  pores  along  with  it; 
so  that  nothing  shall  remain  but  the  firm  fibre,  which  will  bear 
handling  in  the  usual  manner  in  weak  ouze.  They  are,  after  this 
washing,  to  be  dried  in  the  shade,  but  not  near  a  fire ;  then  cut 
up  into  small  pieces  to  fit  the  miniature  tan-pits^  and  weighed  in 
lots  corresponding  with  the  infusions ;  each  lot  containing  bulk 
sufficient  to  fill  up  the  quantity  of  ouze,  and  (like  a  sponge)  pre- 
sent an  absorbent  surface  on  every  side. 

This  diy  skin  (as  every  tanner  knows)  is  in  a  very  unfit  state 
to  absorb  astringent  matter  and  become  leather.  It  is,  there- 
fore, previous  to  immersion  in  the  ouze,  to  be  worked  with  the 
hands  for  about  five  minutes  in  water  just  blood-warm  (98**  Fahr.), 
and  induced  by  this  treatment  to  soften  and  swell  to  its  former 
dimensions,  in  which  state  it  will  be  capable  of  fully  exerting  its 
absorbent  powers  ;  and  if  care  be  taken  to  give  the  ouze  an  over 
dose  of  it,  the  action  will  be  completed  in  a  few  hours. 

As  each  ouze  is  exhausted,  its  lot  of  skins  should  be  taken  up, 
dried  in  the  shade  as  before,  and  the  increase  of  weight  in  each 
lot  separately  ascertained.  This  additional  weight  can  consist 
only  of  the  useful  tanning  matter,  so  that  the  increase  of  each 
lot  will  directly  show  the  true  comparative  value  of  the  astrin- 
gent in  whose  infusion  it  was  steeped. 

The  skin  most  prqper  for  this  purpose  is  the  strongest  and 
freshest  that  can  be  procured,  shaved  down  or  split  to  the  thin- 
nest substance  it  can  be  safely  reduced  to.  The  large  fresh 
currier's  shavings  from  the  strong  hides  intended  for  chaises  or 
harness,  can  be  obtained  in  quantity,  and  are  well  adapted  to 
the  process.  The  skins  of  ill-fed  sheep  and  cattle  that  come  to 
market  hidebound  from  the  mountain  districts,  as  well  as  those 
of  aged  cattle  in  general,  are  also  strong  and  fibrous  enough  for 
the  purpose ;  but  what  I  would  prefer  to  all  others  (from  the 
description  I  have  received),  are  ox  hides  spht  very  thin  and 
'evenly  by  the  patent  machine,  -    .       .     - 
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In  Birmingham  (I  am  informed)  this  branch  of  the  leather 
manufacture  is  well  understood.  In  Dublin  we  have  but  one 
splitting  machine,  and  that  is,  only  constructed  for  splitting 
sheep  Siins.  These,  from  the  improvement  which  has  taken 
place  in  our  breed  of  sheep,  are  generally  so  full  of  fat,  that 
they  are  quite  unfit  to  act  as  a  test  in  this  case,  the  oil  shielding 
the  skin  from  the  action  of  the  tan,  and  where  it  exists  in 
greatest  quantity  along  the  back  and  across  the  neck,  retarding 
the  evaporation  of  moisture  during  the  two  drying  processes, 
and  consequently  leading  to  false  results. 

Calfskins,  shaven  down  to  the  thinness  of  split  sheep  skins, 
are  free  enough  from  oil,  but  the  fibre  is  in  general  so  delicate, 
that  it  is  liable  to  be  injured,  and  partially  dissolved,  or  rather 
dispersed  thioMgh  the  warm  water  during  the  softening  and  swell- 
ing, preparatory  to  steeping  in  the  astringentinfusion.  I  found 
that  several  lots  of  this  skin,  previously  dried  and  weighed  for 
experiment,  though  beautifully  transparent,  and  apparently 
perfect  in  every  way,  lost  seven  per  cent,  of  loose  gelatine  when 
handled  in  tepid  water.  Thus  this  species  of  skin  also  appears 
improper  for  the  purpose. 

To  avoid  the  last  mentioned  source  of  error,  it  will  be  prudent 
to  reserve  a  piece  out  of  every  batch  which  undergoes  the 
swelling  process,  to  ascertain  (by  drying  and  weighing  without 
tanning)  whether  the  remaining  pieces  destined  for  experioient 
had  lost  any  thing  in  that  operation.  As  such  a  loss  is  only 
likely  to  occur  in  strong  hides  from  carelessness  in  the  usual 
operations  of  lining,  washing,  fitc.  the  tanner  has  it  completely 
in  his  power,  by  proper  atiention,  to  prepare  his  own  test  skins 
in  the  most  perfect  manner.  Perhaps  the  calf  skins  that  I 
operated  on  had  been  somewhat  injured  in  these  previous  pro- 
cesses ;  whereas  if  they  had  been  carefully  treated,  they  might 
have  remained  strong  enough.  This  is  a  point  which  peculiarly 
rests  with  the  tanner  to  ascertain  correctly,  as  a  matter  of 
economy  and  convenience.  If  calf  skins  he  really  strong  enough 
to  retain  a/l  their  substance  from  one  weighing  to  the  other, 
tanners  who  manufacture  upper  leather  will  be  much  more  at 
home  in  trials  made  with  them,  in  Ireland,  I  believe,  there  is 
quite  as  much  of  it  made  as  of  sole  leather. 

In  the  shaving  of  strong  hides,  it  is  indifferent  to  the  currier 
in  what  shape  he  takes  off  the  pieces.  A  tanner  who  attends 
him  during  that  operation  may  obtain  shavings  of  the  exact  size 
he  wants,  and,  therefore,  need  never  sacrifice  an  entire  hide  to 
the  experiment. 

I  need  scarcely  mention  that  the  test  skins  employed  in  this 
trial  should  not  be  expected  to  become  perfect  leather,  so  as  to 
enable  the  tanner  to  judge  of  the  quality  of  the  astringent  also. 
That  is  an  operation  requiring  length  of  time,  and  excess  of 
tanning  materials,  both  of  which  are  here  inadmisBible. 
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In  the  course  of  experiments  which  led  me  to  the  adoption  of 
tbe  plan  recommenaed  in  this  essay,  I  have  accmniuated  a 
number  of  comparative  analyses  of  the  several  astringents  used 
in  the  arts,  made  with  a  view  to  ascertain  how  the  test  would 
work  in  all  cases,  as  an  index  to  their  tanning  properties. 

These  I  intended  to  annex  to  the  present  paper,  but  satisfied 
of  the  correct  action  of  the  test,  I  omit  them  for  the  presentj 
convinced  that  each  individual  lot  of  astringent  suostaoce 
broujgbt  to  market  may  differ  so  widely  in  composition  and 
quality  from  every  other,  that  such  a  table  as  I  mignt  be  able  to 
form  from  the  examination  of  particular  samples  (not  now  at 
market)  would  only  tend  to  mislead* 

My  chief  hope  is,  that  in  the  preceding  sketch  of  a  process,  I 
have  been  sufficiently  explicit  to  enable  a  tanner  to  proceed  for 
himself  towards  the  attainment  of  that  important  object, — a 
knowledge  of  the  comparative  value  of  all  the  astringent  mate- 
rials which  appear  at  market,  in  time  to  reflate  his  purchase  of 
any.  Edwabd  Bell  Stephens. 


Article  II. 

Observations  on  the  Planet  Venus ^  made  during  the  Spring  of  the 
Year  1 825.     By  the  Rev.  J.  B.  Emmett. 

(To  the  Editors  of  the  Annals  of  Philosophy.) 

GENTLEMEN,  Great  Ousebum,  Sept  9,  1885: 

Since  the  time  of  Cassini,  spots  on  Venus  have  rarely  been 
seen.  Dr.  Herschel  says,  the  planet  has  always  presented  to 
him  a  perfectly  uniform  surface,  quite  free  from  spots  ;  and  the 
only  observations-  made  since  those  of  Cassini  and  Bianchioi 
were  by  Short,  who  was  fortunate  enough  once  to  see  them. 

During  the  spring  of  the  present  year,  Venus  was  rarely 
entirely  free  from  them,  and,  therefore,  I  hope,  that  my  obser- 
vations may  not  be  the  whole  that  have  been  made.  The 
instruments  I  employed  were  an  excellent  Newtonian  reflector 
of  6  inches  aperture,  using  powers  from  70  to  400  ;  an  aerial, 
not  achromatic,  of  18  feet  focus,  with  powers  of  70  to  150 ;  an 
aerial  of  50  feet,  power  160 ;  and  1  hope  I  shall  be  able  to  show 
that  where  the  old  aerial  telescope  has  sufficient  light  and  power, 
it  possesses  some  very  considerable  advantages  over  other 
instruments. 

Before  I  proceed  with  the  immediate  subject  of  this  paper,  it 
will  be  proper  to  convey  a  correct  idea  of  the  goodness  of  the 
instruments,  to  remove  all  doubts  which  otherwise  might  arise. 
With  the  reflector,  with  powers  from  70  to  800,  and  occasionally 
1200^  I  have  repeatedly  seen  the  double  stars  Castor,  a  Herculis, 
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a  Ursaa  Minorie,  |  Ureie  Majoris,  the  quadruple  star  t  Lyrse, 
Uigel ;  together  with  tlie  whole  of  those  in  Dr.  Herschel's  first 
clase,  which  can  be  seen  with  the  powers  I  can  command.  In 
the  spring  of  the  present  year,  I  have  shown  the  double  ring  and 
quintuple  belt  of  Saturn,  and  once  a  spot  upon  his  southern 
hemispbcre,  to  several  persons ;  it  shows  the  most  n:iinute  parts 
of  the  solar  spots,  as  well  as  the  mottled  appearance  of  his  sur- 
face, as  perfectly  as  any  instrument  I  have  ever  seen ;  and  the 
spring  of  the  present  year  afforded  many  opportunities  of  trying 
its  powers  in  tliia  respect;  for  example,  March  3,  within  one 
umbra  of  small  size  were  1 1  nuclei,  all  distinctly  defined. 

The  refractors  consist  of  one  convex  object  lens  and  a  convex 
eye  glass.  1  have  often  compared  them  with  the  reflector,  and 
with  other  instruments,  and  in  point  of  steadiness  there  is  no 
comparison ;  on  account  of  their  great  length,  causes  which 
produce  great  tremor  in  shorter  instruments  do  not  afiectthem; 
also,  what  is  very  curious  is,  that  when  the  air  is  in  such  a  state 
as  to  produce  great  undulations,  when  the  reflector  is  used,  it 
affects  the  others  very  little ;  so  that  with  them  I  can  observe 
objects  when  nearer  the  horizon  than  with  other  instruments. 
With  the  aerial  of  18  feel,  I  see  Saturn's  ring  beautifully  distinct 
with  a  power  of  36 ;  with  70  some  belts,  and  certainly  a  trace 
of  the  division  of  the  ring;  all  seen  with  50  foot,  and  power  160. 
I  have  not  had  opportunity  to  naake  many  obaervations  oa 
double  stars  with  these  instruments ;  the  stars  are  well  defined 
through  them:  I  have  seen  the  doable  star  Castor,  and  the 
trapezium  in  the  nebula  of  Orion's  sword,  and  many  much 
cluaer  ones.  I  have  often  compared  these  instruments  with  the 
reflector,  in  viewing  the  moon  and  the  solar  spots ;  every  part 
of  the  moon,  even  the  most  intricjite,  is  seen  in  high  perfection; 
the  limb  beautifully  defined ;  so  also  ai'e  the  solar  spots :  indeed, 
except  I  am  taking  any  micrometric  measures,  1  almost  always 
use  the  short  aerial  for  viewing  both  the  sun  and  moon.  With 
it,  the  mottled  appearance  of  the  sun  is  very  conspicuous,  and 
the  solar  spots  are  blacker  than  with  any  reflector  I  have  ever 
seen.  The  bright  rido;es  of  the  sen  are  seen  in  the  highest  per- 
fection by  receiving  the  focal  image  of  a  lens  of  very  long  focus 
upon  a  wnite  screen  ;  the  sun's  image  in  the  focus  of  the  object 
lens  of  my  long  aerial  is  about  4^  inches  in  diameter :  in  this 
the  ridges  are  seen  in  great  perfection,  together  with  the  spots, 
which  are  absolutely  free  from  colour.  It  is  to  be  regretted  that 
the  simple  astronomical  refracting  telescope  has  gone  into 
disuse ;  if  the  proper  dimensions  be  observed,  it  is  as  free  from 
colour  as  any  achromatic ;  it  is  remarkably  free  from  tremors  ; 
the  number  of  surfaces  are  small ;  and  on  account  of  the  long 
focat  lengths  used,  small  imperfections  in  the  lenses,  or  defects 
in  the  centering,  produce  but  little  effect.  On  these  accounts 
it  possesses  many  advantages.     In  light  it  exceeds  not  only  a 
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reflector  of  the  same  aperture  and  power^  bat  every. achromatic; 
indeed  the  quantity  of  light  is  astonishing.     I  have  often  com- 

Stared  two  telescopes ;  one  a  triple  achromatic  by  Doliond,  fitted 
or  terrestrial  observations  of  1-|-  inch  aperture^  which  is  a  very 
fine  instrument ;  the  other  consists  of  two  convex  lenses ;  the 
object  glass  has  an  aperture  0*5  inch,  and  the  same  power  as 
the  former ;  the  light  is  as  nearly  equal  as  possible,  and  in  point 
of  distinctness  there  is  little  difference.  These  remarks  will 
show  that  no  imperfections  in  the  instruments  employed  in 
viewing  Venus  can  have  introduced  any  errors. 

The  first  time  I  observed  any  appearance  of  spots  on  Venus 
was  Feb.  21,  7** ;  I  used  the  reflector,  having  six  inches  aperture, 
and  powers  from  120  to  400.  There  were  two  narrow  duskish 
irregular  lines,  which  were  best  seen  with  200.  On  the  22d, 
7**  30"*,  the  spots  occupied  a  different  part  of  the  disc  to  what 
they  did  the  day  before,  having  moved  according  to  the  order 
of  the  signs.  They  were  very  feint,  and  ill  defined.  I  saw  no 
more  spots  until  March  11,  beginning  a  little  before  sunset,  and 
<^ontinued  to  9** ;  the  same  instru- 
ttient  and  powers  as  before.  The 
air  was  in  a  very  unfavourable 
tstate.  The  spots  were  very  con- 
:spicuous,  as  m  fig.  1 ,  still  they 
were  not  well  defined ;  during 
the  short  time  in  which  observa- 
tions could  be  made,  this  even- 
ing, no  conclusion  could  be  drawn  respecting  the  rotation  of  the 
planet.  Dr.  Wasse  observed  Venus  with  the  same  instrument, 
and  made  a  drawing  of  the  spots,  which  coincided  with  mine. 
The  weather  was  so  uniformly  cloudy  that  no  observations  could 
be  made  before  April  4 :  on  that  evening,  from  8**  to  11**,  I  had 
tin  imperfect  view  of  spots ;  but  the  air  was  so  extremely  tremu- 
lous that  I  could  notsee  them  well  defined,  or  perceive  any  change 
in  their  position.  April  7,  from  7**  to  9**,  I  had  a  better  view. 
At  7"',  the  light  was  so  strong  that  stars  of  the  first  magnitude 
were  not  visible.  At  7*' the  spots 
were  as  in  fig.  2 ;  at  8^  30"*,  they 
appeared  to  have  sensibly  ad- 
vanced, as  in  fig.  3 ;  the  spots 
a  b  were  not  in  view  before 
8"*  30".  The  horns  projected 
considerably  beyond  the  semi- 
circle, which  probably  is  owing 
to  the  planet's  atmosphere. 
Reflector  six  inches  aperture  ; 
powers  120  and  200. 

April  8,  8**.    The  air  m  a  good 
gtate,      Venus  appeared  «i«  m 
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fig.  4.  Dr.  Wasse  observed  them 
with  the  same  instrument,  and 
loadeadrawingy  which  coincided 
with  mine  in  all  respects,  except 
he  did  not  see  tlie  two  brignt 
lines  at  a.  In  P  30"^,  Dr.  W. 
and  I  both  concluded  that  the 
spots  had  approached  the  W 
limb,  and  moved  very  little  to- 
wards the  N  horn.  The  planet 
had  the  same  appearance  with 
both  the  aerial  telescopes;  in- 
deed with  that  of  60  ieet,  I  cer- 
tainly saw  them  more  evidently  than  with  the  reflector. 

April  13,  4*»  30*",  nearly  24.^  before  si»nset,  [  had  a  fine  view 
of  Venus,  which  is  represented  in  fig.  6  with  the  reflector,  powers 
70  to  400 ;  with  70  f  could  not  see  any  spots ;  with'  120  they 
were  very  distinct.  Those  towards  the  S  were  so  considerable 
that  whilst  some  fleecy  clouds  were  passing,  the  whole  to  the  S 
of  the.  line  a  b  disappeared,  and  that  to  the  N  remained  visible 
for  some  minutes.  The  evening  unfortunately  proved  cloudy  ; 
had  it  been  fine,  I  might  have  obtained  useful  information 
respecting  the  time  of  rotation,  as  7^  hours  would  have  been 
allowed  for  observation ;  and  I  the  more  regret  it,  because  this 
was  the  only  time  I  saw  Venus  so  early.  Lieut.  Hornby,  RN*. 
observed  the  planet  with  me,  and  confirmed  my  drawing  of  th^ 
appearances. 

April  20,  from  7^  to  9\  Venus 
as  ix\  fig.  6 ;  I  used  the  reflector 
and  both  aerials,  and  saw  the 
spots  with  all.  The  evening 
being  v^ry  fine,  I  saw  the  spots 
better  defined  than  usual;,  yet 
^hey  were  never  so  distinct  as  to 
allow  the.use  of  a  micrometer  with  advantage.  Between  7**  and 
9**,  the  bright  ridge  separating  the  two  spots  had  evidently 
moved  ;  the  raost  S  part  had  moved  towards  the  W,  and  also  a 
little  to  the  N.  I  can  speak  more  confidently  of  the  motion  than 
at  any  former  time;  and  although  they  were  not  so  well  defined 
as  to  allow  measures  to  be  taken  which  would  determine  either 
the  exact  time  of  rotation,  or  the  position  of  the  axis,  yet  the 
motion  seemed  so  sensible  as  to  agree  with  the  time  determined 
by  Cassini,  and  not  to  confirm  that  fixed  by  Bianchini.  Beyond 
this  I  could  not  arrive  at  any  conclusion ;  because  Venus, 
except  observed  when  the  sun  is  above  the  horizon,  is  always  in 
the  worst  part  of  the  atmosphere,  and  of  course  appears  tremu- 
lous;  her  light  also  is  so  very  powerful  that  no  telescope  shows 
her  free  from  rad/ating  light,  which  Is  a.  ^te^\,\\xc5^&vsx^^\NX. 
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After  the  most  careful  observations  continued  daring  the 
whole  time  that  Venus  was  visible,  I  have  not  been  able  to 
arrive  at  any  certain  conclusion  respecting  her  period  beyond 
this,  that  a  change  in  the  place  of  the  spots  could  be  perceived 
iii  the  space  of  two  or  three  hours,  when  the  air  was  in  a  serene 
state:  this  agrees  with  the  period  assigned  by  Cassini.  The 
direction  of  their  motion,  deduced  from  these  observations, 
agrees  also  with  the  position  of  the  planet's  axis, .  as  determined 
by  those  astronomers,  I  noted  down  all  the  observations  at  the 
time  they  were  made ;  and  when  the  series  was  completed,  cal- 
culated the  position  of  the  axis,  as  seen  from  the  earth  on  the 
20th  April.  The  sun's  place  was  0  0°  6'  18'^;  Venas's  helioc. 
Longitude  ^11°  13^;  her  N  pole  is  directed  towards  :»  20®, 
and  elevated  about  16°  above  the  plane  of  the  ecliptic  ;  hence 
the  N  pole  was  16°  49'  from  the  W  limb,  or  ^4^  of  the  planet's 
radius ;  the  illuitninated  part  of  the  disc  wias  56°  49^,  or  7^5^  of 
her  radius  ;  so  that  the  distance  of  the  N  pole  from  the  W  hmb 
was  about  onfe-tenth  of  the  illu- 
minated part.  In  the  figure,  the 
position  of  the  pole  is  shown,  as 
the  planet  appeared  in  the  tele- 
scope, inverted  and  reversed ;  the 
circular  arcs  show  the  apparent 
paths  of  the  spots. 

It  is  evident  that  the  position 
of  the  planet  was  very  unfa^urable  to  these  observations. 

It  is  to  be  hoped  that  astronomers  will  in  future  make  parti- 
cular observations  upon  this  planet.  It  is  certainly  very  remark- 
able that  for  a  century  no  spots  have  ever  been  seen,  except  once 
by  Short ;  this  may  be  partly  ascribed  to  the  instruments  in  use, 
for  I  see  them  best  with  the  refractors.  Several  persons  have 
seeli  them  through  my  telescopes,  and  their  drawings  and  descripv 
tibhs  always  comcided  with  mine ;  therefore  there  could  be  no 
fallacy.  I  am  fully  persuaded  that  if  the  old  aerial  telescope 
were  more  generally  applied,  not  only  the  spots  of  Venus,  but 
other  objects,  might  be  better  seen  than  with  other  instruments. 
I  saw  them  better  defined  than  with  the  reflector,  the  powers 
being  equal ;  the  same  spots  could  not  be  seen  with  a  good 
achromatic  of  24-  inches  aperture,  and  very  imperfectly  byone 
of  3  inches,  by  Dollond,  with  higher  powers  than  I  used  in  th6 
others.  I  examined  the  planet  in  hopes  of  seeing  some  appear- 
ance of  mountains,  which  some  observers  speak  of :  I  employed 
powers  from  70  to  800  :  with  the  latter  I  see  the  double  ring  and 
all  the  belts  of  Saturn,  and  close  double  stars  in  great  perfection ; 
but  in  no  instance  could  I  perceive  any  trace  of  them,  although 
1  paid  particular  attention  to  the  concave  edge,  sometimes  wiui« 
out  a  screen  glass  \  at  ol\iet^  em^\oYv[v^%\£k.^^^4^afiae8  of  every 
^mrietj  of  shade.  ^ .  v^.'^^^^-v^.. 


1825-3  0"  '''«  P^aitei  Venus.  4ltf ' 

P.  S.  Since  the  above  was  written,  I  have  completed  a  series 
of  observations  made  upon  some  very  fine  solar  spots,  which 
confirm  the  statements  umde  in  my  former  paper  on  the  same 
subject.  July  22,  0"  30"',  a  spot  which  had  been  in  view  for 
many  days  disappeared.  July  21,  23''  25"  (app,  time),  a  spot 
had  entered  which  was  not  in  view  at  20" ;  1  suppose  it  entered 
about  the  2lBt,  20\  for  23"  '25'^  it  liad  just  entered.  This  was 
the  largest  and  finest  spot  I  ever  saw.  On  the  27th,  I  saw  it 
without  the  aid  of  a  telescope,  and  it  continued  visible  to  the 
naked  eye  until  the  30th,  when,  near  the  centre  of  the  disc,  the 
umbra  passed  a  vertical  wire  in  5°-5.  It  was  in  the  centre  of  its 
apparent  path  July  28,  1''. 

It  had  described  half  its  apparent  path  July  28,  I'' 
It  entered  the  disc July  21,  20 

Time  of  describing  half  its  visible  path.  , .     6     5 
therefore  it  must  be  visible  12''  lO''. 

Aug.  3, 1".  The  spot  was  very  near  the  edge,  so  near  that  it 
could  not  remain  visible  more  than  eight  or  ten  hours.  The  day 
was  so  unfavourable  that  I  had  only  this  one  view  of  the  sun, 
and  this  through  rather  dense  clouds.  Aug.  3,  21^  there  i 
not  the  least  trace  of  it. 

It  disappeared , Aug.  3,  9" 

Came  into  view July  21,  20 

Therefore  in. 12    13   the  syfll 

entirely  crossed  the  disc. 

Of  the  spot  which  disappeared  tjn  the  22d,  there  was  no  tract 
before  Aug.  5,  12'';  !  could  not  see  any  trace  the  day  before  9 
and  on  the  6th,  0'',  1  saw  it ;  it  had  been  on  the  disc  about  1,* 
hours. 

The  spot  returned Aug.   6,  12" 

It  disappeared July  22,     0 


n 


I 
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It  was  invisible  during 14    12 


The  sum  of  these  two  observations  is  less  than  the  mean  period 
oF  the  sun  ;  it  amounts  to  27"  I",  only,  which  arises  from  the 
difficulty  of  determining  it  in  this  manner ;  also  one  of  the  spota 
has  moved. 

Aug.  1 7,  22''.  The  spot  which  returned  on  the  6th  is  quite  off 
the  disc ;  there  is  no  trace  of  the  feculee  near  it :  therefore  it  was 
not  in  view  more  than  12"  10". 

Aug.  19,  30'",  the  spot  which  disappeared  Aug.  3,  9'',  has 
returned;  it  may  have  been  visible  12  hours;  certainly  not 
more. 
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It  eame  into  view Aug.  1-8,  12*^ 

Disappeared Aug.    3,    9 

It  was  invisible  during 15      3 

This  spot  first  came  into  view  • .  July  21,  20** 
Returned  after  one  revolution  . .  Aug.  18,  12 

Therefore 27    16is  thetime 

of  a  revolution. 

The  spot  which  disappeared  • .  July  22,    0** 
Disappeared  after  a  revolution,  Aug.  17,  22 

26   22 

Hence  this  spot  has  bad  a  considerable  motion  on  the  sun's 
disc,  which  accords  with  the  observations.  Sheiner  first  topk 
notice  of  this  proper  motion  which  the  maculae  often  have ; 
many  other  astronomers  have  confirmed  his  statements  :  indeed 
there  is  nothing  more  common  than  to  see  the  spots  of  a  cluster 
change  their  relative  places  very  considerably,  even  in  the  space 
of  a  few  hours.  Mr.  WoUaston  once  saw  a  spot  suddenly  divided, 
and  the  parts  fly  ofTfrom  each  other  very  rapidly. 


Article  II L 

On  the  Compounds  of  Antimony  with  Chlorine  and  Sulphur. 

By  M.  H.  Rose.* 

I.  Compounds  of  Antimony  and  Chlorine. 

It  is  known  that  a  solid  compound  of  antimony  and  chlorine, 
fiisible  at  a  very  moderate  heat,  is  obtained  by  distilling  pulve- 
rised  antimony  with  an  excess  of  corrosive  sublimate*  It  deli- 
quesces by  exposure  to  the  air,  and  is  converted  into  a  liquid 
resembling  an  emulsion.f  When  treated  with  water  it  changes, 
without  the  evolution  of  heat,  into  hydrochloric  acid,  and  a 
compound  of  the  oxide  and  chloride  of  antimony.  This  white 
powder,  which  is  precipitated  by  mixing  the  chloride  with  water, 
IS  wholly  volatilized  when  heated  in  a  httle  matrass  by  the  blowr 
pipe ;  consequently  it  contains  neither  antimonious  nor  anti- 
monic  acid.  But  since  this  chloride  of  antimony  is  converted 
by  water  into  hydrochloric  acid  and  oxide  of  antimony,  its  com- 

*  From  the  Annales  de  Chimie. 

i-.  The  common  butter  of  antimoDy  of  the  shops,  which  forms  a  clear  liquid,  is  not  a 
•olatioii  of  die  Kdid  chloride  of  antimony  in  a  small  quantity  of  water,  but  in  muiiatip 
pdtf;  &t  tbePhannacopcnas  otdei  it  to  \>e^tc?^vi:nlm^  aUx^  quantity  of  add  than 
to  Ibnn  the  solid  Monde. 
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position  much  corresponds  with  the  composition  of  those 
substances  ;  and  as  oxide  of  antimony  contains  3  atoms  of  oxy- 
gen,  the  antimony  must  be  combined  with  3  atoms  of  chlorine  m 
the  solid  chloride,  or  it  must  contain  per  cent. 


Antimony 54-85 

Chlorine 45-15 


r 


The  analysis  of  chloride  of  antimony,  however,  by  Dr.  Johnr 
Davy,  gave  a  different  result.     According  to  him,  it  consists  of 

Antimony GO'42 

Chlorine 39-58 

^  100-00  3 

I,  therefore,  submitted  it  to  a  fresh  analysis  in  the  foHowing 
manner: — I  poured  wafer  on  a  quantity  of  the  chloride,  and 
then  added  tartaric  acid  till  the  liquid  was  perfectly  clear,  and 
ceased  to  become  milky  by  the  subsequent  addition  of  a  large 
quantity  of  water.  I  next  passed  a  current  of  sulphuretted 
hydrogen  through  the  liquid,  till  sulphuret  of  antimony  ceased 
to  fall  down.  This  sulphuret,  which  had  an  orange  colour,  was 
washed  on  the  filter,  dried,  and  weighed,  and  then  fused  in  a 
glass  tube ;  it  gave  a  black  sulphuret  of  antimony,  and  merely 
traces  of  sulphur,  consequently  it  was  sulphuret  of  antimony 
containing  3  atoms  of  sulphur,  or  precisely  that  which  ought  to 
be  formed  under  the  circumstances.  But  as  it  contained  traces 
of  an  excess  of  sulphur,  in  consequence  of  the  sulphuretted 
hydrogen  having  been  passed  for  a  very  long  time  through  the 
liquid,  I  heated  a  part  of  the  sulphuret  in  a  bulb  blown  in  the 
middle  of  a  glass  tube,  and  passed  over  it  a  current  of  hydrogen 
dried  by  chloride  of  calcium.  The  sulphuret  of  antimony  was 
decomposed,  and  I  obtained  antimony,  sulphuretted  hydrogen, 
and  traces  of  sulphur. 

The  hquor,    separated  from  the  sulphuret  of  antimony,  was 

fently  heated  to  drive  off  the  sulphuretted  hydrogen,  but  not  the 
ydrochloric  acid,  which  cannot  be  separated  from  water  by 
heat  when  mixed  with  it  in  small  proportion.  The  hydrochloric 
acid  was  then  precipitated  by  nitrate  of  silver.  The  chloride  of 
sdver  obtained  had,  however,  a  blackish  colour,  from  a  Uttle 
Kulphuret  of  silver  which  was  mixed  with  it.  The  results  of  this 
analysis  gave  ]'937  gramme  (29'9  grs.)  of  antimony,  and  6-886 
grammes  (106-3  grs.)  of  chloride  of  silver,  equivalent  to  1-699 
gramme  (24-7  grs.)  of  chlorine.  The  chloride  of  antimony^' 
therefore,  is  composed  per  cent,  of 
New  Series,  yoi..  x.  3  s. 


i 
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Antimony •  63*27 

Chlorine 46-73 
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This  result  would  accord  much  better  with  the  calculated 
proportions^  had  I  obtained  the  chloride  of  silver  wholly  free 
from  sulphuret. 

Another  chloride  of  antimony  is  obtained  by  passing  a  current 
of  dry  chlorine  over  heated  metallic  antimony.  The  antimony 
burns  vividly  in  the  gas^  emitting  sparks,  at  the  saine  time  that 
a  volatile  li(^uid  is  formed.  This  Uquid  is  white,  or  of  a  very 
light  yellowish  tint,  and  contains  also  chloride  of  iron  if  the 
antimony  employed  be  not  wholly  free  from  that  metal.  That 
chloride,  however,  remains  at  the  bottom  of  the  vessel,  and  is 
not  dissolved  in  the  liquid,  which  resembles  the  fuming  spirit  of 
Libavius  in  all  its  external  characters,  having  a  strong  disagree- 
able odour,  and  fuming  in  the  atmosphere.  Exposed  to  the  air 
it  attracts  water,  and  is  converted  into  a  white  mass,  in  which 
white  crjrstals  form,  which  afterwards  dissolve  without  rendering 
the  solution  milky.  This  phenomenon  is  owing  to  a  property  ^ 
the  liquid  chloride  of  antimony,  which  it  possesses  m  common 
with  tne  fuming  spirit  of  Libavius,  of  formmg  a  crystalline  mass 
when  mixed  with  a  small  quantity  of  water. 

The  liquid  chloride  of  antimony  heat^  strongly  when  mixed 
with  a  larger  portion  of  water.  It  becomes  milky,  and  a  preci- 
pitate forms  which  behaves  exactly  like  hydrated  ahtimonic  acid. 
Gently  heated  it  gives  off  water,  and  becomes  yellowish  ;  but  at 
a  high  temperature  it  becomes  white.  The  Uquor  contains 
hydrochloric  acid.  Since  the  liquid  chloride  of  antin^ony  is 
converted  bj  water  into  hydrochloric  and  antimonic  acids^  the 
latter  containing  5  atoms  of  oxygen  to  1  of  antimony,  this  chlo- 
ride must  contam  5  atoms  of  chlorine  to  1  of  antimony^  and  its 
composition  per  cent,  is. 

Antimony .  •  •  • , • .  •  42*15 

Chlorine 67-85 


100-00 


I  analyzed  the  liquid  chloride  of  antimony  exactly  in  the  same 
way  as  the  solid  chloride.  I  obtained  sulphuret  or  antimony  by 
sulphuretted  hydrogen,  which  also  had  an  orange  colour,  but 
rather  paler  than  the  sulphuret  from  the  solid  chloride.  It  con- 
tains 5  atoms  of  sulphur  to  1  of  antimony.  Treated  with  dry 
hydrogen  it  is  converted  into  metallic  antimony  and  sulphur, 
and  sulphuretted  hydrogen  is  disengaged.  I  obtained  1-98 
gramme  (30-6  grs.)  of  metallic  antimony,  and  the  Uc[uid  freed 
S'om  the  sulphuret  and  piec\ip\\.'d.l^dL  Vj  m\xa.\R  o€  silver  gave 
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11'764  grammes  {181-6  grs.)  of  chloride  of  silver,  equivalent  to 
2-902  gratnmea  (44-8  grs.)  of  chlorine.  The  chloride  of  silver, 
however,  contained  rather  more  sulphuret  of  silver  than  that 
obtained  in  the  analysis  of  the  solid  chloride.  The  result  of  this 
analysis,  therefore,  gives  per  cent. 


Antimony 40'56 

Chlorine 59-44 

100-00 


which  differs  from  the  calculated  result :  the  difference,  how- 
ever, is  owing  solely  to  the  sulphuret  of  silver  which  remained 
mixed  with  the  chloride. 

If  we  pass  dry  chlorine  over  sulphuret  of  antimony  containing 
3  atoms  of  sulphur,  we  do  not  obtain  the  liquid  chloride  ;  but 
solid  chloride  of  antimony  and  chloride  of  sulphur  are  formed. 
The  latter  may  be  separated  from  the  chloride  of  antimony  by 
heating  them  very  gently  in  a  matrass  with  a  very  narrow  mouth ; 
chloride  of  antimony  alone  remains.  This  is  the  same  compound 
that  is  formed  in  the  analysis  of  grey  copper  by  chlorine ;  only 
chloride  of  antimony  and  chloride  of  sulphur  are  obtained,  the 
first  containing  3  atoms  of  chlorine,  the  second  2,  No  double 
chloride  is  formed,  and  the  chloride  of  sulphur  remains  on  the 
Holid  chloride  of  CintimoAy.  Heated  SO  flS  merely  td  fuse  the 
cliloride  of  antimony,  the  latter  dissolves  entirely  in  the  chloride 
of  sulphur,  and  forms  with  it  a  homogeneous  liquor  i  but  the 
chloride  of  antimony  separates  in  crystals  on  cooling.  This  ig 
one  method  of  obtaining  large  crystals  of  this  chloride ;  but  it 
must  be  quickly  filtered  through  blotting  paper  to  separate,  as 
completely  as  possible,  the  adhering  chlonde  of  sulphur. 

It  is  remarkable  that  the  liquid  chloride  of  antimony  is  pro- 
duced by  the  action  of  chlorine  on  metallic  antimony  only,  and 
that  none  is  formed  when  tlie  sulphuret  of  antimony  is  acted  on 
by  chlorine,* 

II.  Compounds  of  Antimony  and  Sulphur. 
I  have  made  many  experiments  on  the  sulphurets  of  antimony, 
but  have  only  found  three,  which  correspond  with  the  oxides  of 
that  metal. 
I      Sulphuret  of  antimony  with  3  atoms  of  sulphur  has  different 

*  I  freqQEntly  passed  cUorine  over  sulphuret  of  antiniony,  and  alwajg  with  (he  same 
reaull.  I  tanded,  for  reasons  to  be  stated  in  the  (equel,  that  chloride  ofantiDiony  with 
5  atoms  of  chlorine  was  fomifd;  I  only  obtained,  however,  thechbride  with  3  atoms,  if  t 
ilrove  off  the  diloride  of  sulphur.  I  was  then  led  ta  think  tliat  2  atoms  of  chlorine  were 
nepaiated  (ram  the  chlande  of  antimDny,  itnd  had  combined  with  the  chloride  nf  sulphur 
to  form,  perhani",  a  chloride  with  4  atoms  of  chlorine,  I,  therefore,  passed  chlorine 
OTgr  chloride  of  sulphur,  and  freed  it  carefully  by  distillation  &om  the  siilphor  diswlved, 
in  ordei  to  discover  sudi  a  chloride  of  sulphur.  The  colour  of  the  chloride  of  sulphur 
become  indeed  a  little  darker,  but  it  undenFcntno  iAieichui^.|  t^^^oo^  {|>».  €^is^s& 
~   ~    '        ''  '    ■  conddeTabUleDgfitef  tuoB. 


i 
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colours.  The  native  is  lead  grey ;  its  composition  has  been 
demonstrated  by  Berzelius.  ft  is  analogous  to  the  oxide  of 
antimony  with  3  atoms  of  oxygen,  for  it  dissolves  in  hydrochloric 
acid  without  leaving  any  residuum,  and  with  the  disengagement 
of  sulphuretted  hydrogen  only. 

The  same  sulphuret  is  obtained  by  passing  a  current  of  sul- 
phuretted hydrogen  through  a  solution  containing  oxide  of 
antimony ;  but  it  has  an  orange  colour,  almost  like  that  of  the 
golden  sulphuret.  It  becomes  brownish  by  drying/  and  then 
assumes  an  aspect  more  similar  to  that  of  Kermes.  The  same 
sulphuret  is  obtained  by  passing  Sulphuretted  hydrogen  through 
a  solution  of  tartar  emetic,  or  through  a  solutiontQiC abutter  of 
antimony  in  water  and  tartaric  acid.  ,    ,    .  .^    .^   ^^ 

M.  Berzelius  first  proved  that  the  composition  oj|i  ^^naes 
mineral  is  exactly  similar ;  its  colour,  however,  is  browai^htltd^* 

The  deuto*8ulphuret  of  antimony  with  4  atoms  (^«(ulptMii;  bas 
an  orange  colour  a  good  deal  like  that  of  the  golden  s^pb0]%t. 
It  is  formed  when  sulphuretted  hydrogen  is  passed-  ihri^kgh  a 
solution  of  antimonious  acid.  Tartaric  acid,  however,  jB^iitt^iiot 
be  add^d  for  die  purpose  of  enabling  us  to  dilute  t)ie  Utipubit  jif?ith 
water,  biit  only  hydrochloric  acid.+  The  best  metfeodidf  «»^iog 
a  solution  of  antimonious  acid  is  to  -dissolve  antimptiy^  ijn^|8iii)fi^ 
re^ia^  and  evaporate  the  solution  to  dryness.  .  TheantimQoic 
acid  formed  is  then  to  be  converted  into  antimonious  acid  dv  ftr^d 
heat ;  the  latter  fiised  with  caustic  potash^  ^nd-  the  JBuse^ifi.fnass 
heated  with  hydrochloric  acid  and  water  till  a  clear  J jq^,  is 
obtained;-^  I  precipitated  thiis  solution  by  sulphuretted  h^rqg^, 
and  the  sulpnuret  obtained/  after  being  carefulIyffdiiR^d^i;39fis 
decomposed  by  hydrogen.  I  obtained  in  one  e9^periff<ex^^30^ 
gramme  (201grs.)  of  antimony  from  1*973  gi^me  (30§Skt^gi^)  pf 
sulphured/  and  in  another  0-977  gramme  (15rl  gmuyj»£i^nt§mf^ 
from  1'468  gramme  (22*7  grs.;)  of  sulphuret  list  <$j9^j>$)ifAtMl9i 
therefore;  according  to  the  first  trials  is  per  ceatar.utf-  't»»  sbi/o 

■'•  '  ■■'A'ntimony '..... . .  66-if'-^''"J,'.^;:! 

,    :  Sulphur  .  •••t«««t*. •••••• •ft««t««  33*86      *r  V  ' 


1 1 


■  -:'i  09^004  ^'^^'^i^^  * 


and,  according  to  the  second, 

\ '  J  Antimony .  i  ••••••.••  ;•  • .  ;vi  ;'*  .\.'.  .'^6<ft^\i>'3  .111 

Sulphur 33*45 


« 


tion  •ttf  tiiboniJtA  of  ^tafihii .  tl  eipdiik>  the  hygrottiettid irioltti&efiip^C  giOlkJheQ^lskd 
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Antimony 6G-72 

Sulphur , 33-28 

100-00 


ii. 


The  aulphuret  of  antimony  with  5  atoms  of  sulphur  to  1  of 
metal,  which  corresponds  to  autimonic  acid,  and  by  calculation 
contains  61-59  antimony  and  3ti'41  sulphur,  ia  realized  in  the 
golden  solphuret  of  the  shops.  The  different  modes  of  prepar- 
ing it  are  well  known.  It  is  also  obtained  if  we  pass  a  current 
of  sulphuretted  hydrogen  through  solutions  containing  antimonic 
acid,  as,  for  instance,  that  of  the  liquid  chloride  of  antimony  in 
water,  to  which  tartaric  acid  has  been  added.  The  precipitate 
obtained  is  of  a  paler  orange  colour  than  the  precipitate  from 
solutions  of  oxide  of  antimony,  and  its  colour  does  not  change 
in  drying. 

I  analyzed  the  golden  sulphuret  in  two  ways  ;  I  dried  it  at  a 
heat  not  sufficient  to  decompose  it,  till  it  ceased  to  lose  weight. 
It  had  then  parted  with  all  its  hygrometric  moisture.  I  usually 
analyzed  it  by  passing  a  current  of  dry  hydrogen  overthe  heated 
golden  sulphuret.  Sulphuretted  hydrogen  was  formed,  but  no 
■water;  sulphur  sublimed,  and  metallic  antimony  remained 
behind.  I  also  analyzed  It  by  aqua  regia,  to  which  I  added 
tartaric  acid.  I  separated  the  undissolved  sulphur,  and  precipi- 
tated the  sulphuric  acid  by  muriate  of  barytes ;  this  method, 
however,  is  more  tedious  than  that  with  hydrogen.  We  do  not 
obtain  accurate  results  by  fusing  the  golden  sulphuret  in  a  small 
matrass  in  order  to  convert  it  into  sulphuret  of  antimony  with 
3  "atoms  of  sulphur,  and  calculating  the  composition  of  the 
former  from  the  weight  of  the  latter,  not  only  because  the  sul- 
phuret of  antimony  is  not  absoliitelyfixed, hut  also  because  some 
oxide  of  antimony  is  formed  by  the  air  in  the  matrass,  which 
produces  a  croain  antimoiiU  witli  the  sulphur  sublimed  in  its 
neck. 

I  do  not  mention  the  results  of  the  analyses  which  I  made  of 
this  sulphuret  of  antimony  ata  maximum,  because  they  scarcely 
differ  from  the  calculated  result. 

III.  Cumpovnds  of  Sulphuret  of  Antimony  with  Oxide  of  An^W 
iimoiii/,  -^ 

The  compounds  in  which  sulphuret  of  antimony  is  combined 
with  oxide  of  antimony  in  various  proportions  are  called  in  the 
shops  by  the  name  of  crocus  and  nilrum  antimonii.  Kermes  has 
also  been  supposed  to  be  a  similar  compound.  M.  Berzelius, 
however,  has  shown  that  its  composition  does  not  differ  from 
that  of  the  sulphuret  of  antimony  with  o  atoms  of  aul^hut,  and. 
tbe  aaalyaia.  of  kermes  related  above  conSums  ^i\&  <l^^SlV^lSu 
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There  is^  however,  a  combination  of  sulphoret  of  antimony  with 
oxide  of  antimony  in  definite  proportion,  and  that  is  the  native 
kermes  of  mineralogists  (rotnspiesglanterz).  The  result  of  my 
analysis  of  that  substance  difiPers  very  much  from  that  obtained 
by  Klaproth,  in  consequence  of  his  having  supposed  that  the 
whole  of  the  antimony  was  both  oxidated  and  sulphuretted,  and 
of  his  not  having  determined  the  quantity  of  the  antimony. 
According  to  him,  its  composition  is^ 

Antimony « ••••••..  67*8 

Oxygen ; 10-8 

Sulphur 19-7 

98-3 

1  analyzed  the  rothspiesglanzerz  from  Braunsdorf,  near  Frei- 
berg, in  Saxony,  which  M.  Weiss  had  the  goodness  to  send  me 
for  the  purpose.  The  analysis  was  made  by  hydrogen  in  the 
same  maimer  as  those  of  the  different  sulphurets  of  antimony. 
I  added,  however,  to  the  apparatus  a  weighed  tube  containing 
chloride  of  calcium,  to  absorb  the  veater  formed.  la  one  expe- 
riment I  obtained  0*676  gramme  (10*4  grs.)  of  antimoQy  and 
0*054  gramme  (0*84  grs.)  of  water  from  0*908  gramme  (14  grs.) 
of  the  mineral,  or  74*45  per  cent,  of  antimony  and  dr29  of  oxy- 
gen ;  and  in  another,  from  0*978  gramme  (15*1  g^rs.)  of  the  mine- 
ral, 0*74  gramme  (11*4  grs.)  of  antimony^  and  0*047  gtamme 
(0*73  gr.)  of  water,  or  75-66  per  cent,  of  antimony  and  4^7 
oxygen.  1  then  dissolved  0*34  gramme  (5*24  grs.)  of  the  auneral 
in  aqua  regia,  added  tartaric  acid  to  the  8oIution,-and  f*ec^tated 
by  muriate  of  barytes.  I  obtained  0*517  gramme  (8  gnr«)  of 
sulphate  of  barytes,  equivalent  to  20*47  per  cent^  ^f  aulfmuv. 

If  we  take  the  mean  of  the  oxygen  in  the  tiwQ  fii^tf^o^ses, 
viz.  4*78  per  cent,  and  add  to  it  as  much  ^itimony.^  i^.  i^^eces- 
sary  to  form  the  oxide,  the  remaining  quantity  of  lA^jUd'M'fuffi^ 
cient,  neglecting  slight  errors  of  observation,  to  f^rm  with  the 
sulphur,  the  sulphuret  of  antimony  with  3  atoms  of  sulphur. 
We  shall  find  besides  that  the  quantity  of  oxide  of  atitin^ojpy  is 
to  the  quantity  of  sulphuret  as  the  weight  of  an  atpm^pi  ^e  n|:8t 
is  to  the  weight  of  two  atoms  of  the  second,  so  that  £he  native 
kermes  consists  of  1  'atom  of  oxide  of  antimony  and  2  .^tpof^  of 
sulphuret  of  antimony,  or  per  cent,  of  »     . . ,     ..  •  j 

S  ulphuret  of  antimony  .  •• ••••  69*^86    .    \ 

Oxide  of  antimony  ,.«.«•  ^ w.  ^v  3QrM  A  'l 

This  composition  accovdt  with  that  which  MvBcneiiiHi'taad 
abemif  (asBigned  to  the  native  kermes.  This  compmitidt;  is 
mmftrfaiHft  an  'prei^mtiiig  Vhia  caiV^  m^s^MM.^  ^'&vV\XAL^mkfiQirYilal* 
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Article  IV.  ^^B 

«  Attempt  to  divide  the  Eckiiiida,  or  Sea  Eggs,  into  Natural 
Families.    By  J.  E.  Gray,  Esq.  FGS.  8tc. 

(To  the  Editors  o£  ihe  Annals  of  Pkilosophtf.) 

GENTLEBIEN,  Britiih  Vntcion. 

'  Lamarck  in  his  Histoiy  of  Animals  without  VertebrEe,  esta- 
blished as  a  class  of  his  Apathie  animals  a  very  natural  groupj 
■which  he  called  Radtata.  Mr.  Macleay  has  since  proposed  to 
consider  this  group  as  equal  in  rank  to  the  subkingdoms,  Verte- 
bratfi,  Annulosa,  MoUusca,  Sic. 

Lamarck  divided  hia  Radiata  into  two  great  divisions,  which 
Cuvier  placed  in  distinct  parts  of  his  Zoophytes.  The  former 
separated  the  first  of  his  cTivisions  into  two,  and  the  second  into 
three  sections.  Mr.  Macleay,  in  his  Horte EntomoIogiciE  (part  ii. 
116),  has  hinted  at  the  connexion  which  exists  between  these 
five  principal  constructions,  which,  if  Radiata  is  to  be  consi- 
dered as  a  aubkingdom,  should,  for  uniformity  sake,  be  called 
classes,  although  each  group  formed  only  a  single  genus  in  the 
works  of  LinnaBus  aod  his  followera. 

The  followingare  the  groups  proposedby  Lamarck  and  Macleay, 

'"^lich  may  be  divided  in  the  following  manner : — 

il,  Normal  Group,  Echinodermata. 

k  Ediitida,  Mac.    Les  ecbinides.  Lam.  , ,  ^_ 

..StelUrida,  Mac.     Les  stellerides,  Ltim.  ^^^M 

t'-^.  Anneelant  Group.  t^^^ 

y  Medusida,  Mac.     Les  medusaires,  Lam.  •'^H 

•^'Acaiephida,  Mac.     Les  anomales,  Lam.  j 

VffislaMa,  Mac.     Les  Fistuhdes,  Xam.  ■-■'   ■>■     -' ■■' 

■  .Leaving  the  determination  ofthe  rank  which  theae'lJrdupBHiight 
^  ig  sustain  to  be  considered  till  more  ia  known  of  their  an'atomy 
and  hahitB,  I  shall  at  oiice  proceed  to  the  division  of  Echini  da, 
""■me  object  of  my  present  commuaication,  into  families. 

'•"Class  1.?  Orderl."!  VicmniDA,  Macleai/,  Les  echinides,  Xww, 
Echinus,  LiH.  Cuv.  '    '''   ' 

Lssejitiel  character. — Body  not  contractile,  nor  radiately 
globed,  Bubglobular,  covered  with  mobile  spines  ;  anus  distinct 
l^from  the  mouth. 

These  animals  are  furnished  with  a  distinct  cnistaceous  skele- 

•bnycoraposed  of  numerous  regularly  disposed  plates,  united  by 

•  iaistrait  suture,  and  furnished  e.\ternRliy  with  rounded  tubercles, 

'sftn,' which  mobile  spines  are  attached.    These  stjines  we affiLV.'id 

■tatbe  feaiweftire  "tHbercles-by  "a,  wtcviVai  t'gNsasaA,  «aa.TEWi 
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furnished  with  Dumerous  muscles  for  the  purpose  of  moving 
them  in  every  direction. 

The  manner  in  which  the  spines  and  plates  enlarge  has  never 
been  satisfactorily  explained.  The  plates  appear  to  be  placed 
between  two  skins,  and  a  Btuall  process  of  membrane  seems 
to  extend  between  each  of  them.  The«pines  evidonlly  grow  by 
a  disposition  of  matter  placed  under  their  outer  edge,  more  espe- 
cialiy  at  the  apical  extremity;  the  matter  is,  perhaps,  deposited 
by  the  processes  of  the  skin  of  the  articulation  being  extended 
up  thetongitudiusl  grooves  with  which  these  spines  are  always 
furnished.  Their  manner  of  growth  may  easily  be  seeu  by 
cutting  ddwQ  longitudinally  the  spines  of  Echinus  mammilotus, 
Lami  wh^i  the  outer  surfaces  of  each  complete  spine  will  be 
distinctly  visible  in  the  form  o-f  a  darker  line,  occasioned  byihe 
outer  edge  being  the  hardest  and  most  compact.  '■  '■■  ' 

'  Th?  older  naturalists  paid  very  great  attention  to  tbs  gtVitup, 
and  eeveral  of  them  divided  them  systematically  into  ^'  classes, 
sectiont^  and  genera."  Morton  (1712),  in  his  Hiatory  ofNo^- 
thamptoushiie,  divided  the  fossil  species  found  in  that  coimty 
into  three  groups.  Bryerius,  in  1732,  divided  tiie  Eckhii  into 
seven  genera  from  the  position  of  their  mouth  and  vent  i  these 
genera,  have  all  been  adopted  by  Lamarck,  but  under  other 
names.  Klein,  two  years  after,  published  his  natural  disposttioa 
of  Echiaodermala,  where  he  divided  tliem  into  nine  sections, 
containing  twenty-two  genera,  placing  them  according  totwo 
systems ;  first,  after  the  position  of  their  vent,  forming  theminto 
three  classes,  called  Anocystos,  Catoci/slos,  and  Pleuhscyxtai-i 
secondly,  with  respect  to  the  situation  of  the  mtiuth,  its  Eitane' 
sostomi  and  Apomesostomi.  Van  Phelsum,  in  1714,  extenided 
Klein's  method  by  taking  notice  for  the  first  time  of  the  fmtni 
and  extent  of  the  Amliuhcra.  He  divided  them  into  the  tome 
number  of  genera  as  Klein,  biitseveral  oflJiem  were  very  diife»li 
entfrom  those  of  the  iattei\  Leake,  in  177B,  published  ariftddi-' 
tion  to  Klein,  and  he  reduced  the  number  of  Klein's  getiesrato 
ten,  ivliicb  agree  very  nearly  with  the  sections  of  his  auChor,'iliid 
he  Bldopted.  the  prior  names  of  Bryerius  for  his  generq.  Aflvitlaj 
in  1767,  divided  the  Ec/tiiii  into  six  groups,  according'  to^the 
general  fi:>rm  of  the  shell,  but  these  groups  are  very  tndefiiiitK^  1 1 

iLiunsei^  took  no  notice  of  the  works  of  Klein  or  oiberj^'hirt 
considered  the  whole  of  the  group  as  one  genus.  Mullaiidivi^Ofi 
it  into  two,  under  the  names  of  Eckiitus  aud  Spatangmt'-  -;  nl'  -i- 
.  'The  EcAiw/a  may  be  divided  into  two  sections.  '■:' 'iiim 

'l.Tit-icAL  Group, — Bodi/  globiUur:  moutkceniral^-hiUvft 
jatvs-rowcalj  projettiU,  ■withjive  acute  leeihi  amisvcrtinaii'  dotu 
iai;  ambulaam  compiete^'or/aiitg  bands  extending  fi-umlhe'ikoilBk 
loilie'anm.'  ■  ■■-   -  :;i:-.  luti.^ 

The  crustaceous  covering  o?  livft  Wi-^  d^  »ifcKM''»niflMdslii« 
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horizoatal  pentagonal  pieces.  These  bands  are  placed  symme- 
trically in  pairs  united  together  by  a  fiexoua  suture,  the  project- 
ing angle  of  one  series  being  fitted  into  the  concave  angles  of 
the  other.  The  pairs  of  bauds  are  united  together  by  a  strait 
suture.  They  are  alternately  broad  and  narrow.  The  broad  ones  are 
formed  of  a  few  plates,  and  always  imperforated,  and  the  outer 
edges  of  the  narrow  bands,  which  consist  of  very  numerous  nar- 
row pieces,  are  perforated  by  two  or  more  series  of  minute  per- 
forations placed  in  pairs;  these  perforations  form  bands,  which 
Linneeus  compared  to  the  walks  in  a  garden,  calling  them  ambu- 
lacra ov  wn\ks,  and  the  tubercular  parts  «re(C,pMnji7/ii' orbeds, 
Ab  in  describing  the  species,  it  is  often  necessary  to  distinguish 
the  character  of  each  of  the  beds,  those  of  the  biuajd'  bands 
might  be  called  extra,  and  those  of  the  narrow  bands  intra  ambii- 
iacral  beds. 

The  vent  is  surrounded  by  numerous  small  scale-hke  pieces 
attached  to  the  skin;  these  are  again  surrounded  by  two  series 
of  plates,  each  formed  of  five  pieces,  which  are  amxed  to  the 
body  of  the  crustaceous  skeleton.  The  series  of  these  plates 
which  is  next  the  body,  are  the  snnallest ;  they  are  placed  just  at 
the  top  of  the  ambidacra,  and  each  is  perforated  with  a  minute 
hole,  the  use  of  which  is  quite  unknown.  The  inner  series  is 
formed  of  lar£;er  pieces,  each  perforated  with  a  considerable 
foramen,  H'hicli  lead  to  the  ovaria.  The  latter  may,  therefore, 
be  rcaJM  the  ovarial,  and  the  former,  as  they  are  partly 
between  them,  the  inlerovarial  pieces.  One  of  the  ovarial  plates 
i»  considerably  larger  than  the  rest,  convex  externally,  and  per- 
forated like  a  sieve  with  numerous  minute  foramina,  and  inter- 
oally  thick  and  rugose.  This  plate  is  somewhat  similar  both  in 
foTot,  and'  perhaps'  in  nse,  to  the  orbicular  spot  on  the  back  of 
the  iitelierida  called  Corpus  Spmigiosum,  by  Spix,  figured  in  the 
AnnMs  of  the  Museum  (vol.  xiii.  t,  32,  f.  1,  a),  where  M.  Spis 
considCTSthat  it  may,  perhaps,  be  the  orifice  of  the^organs  of 
generation  as  itis  perforated  with  two  foramina  (see :pi..446). 
LjitljeiBkia  round  the  imoutb  is  acaly,  and. furnisbBdc  with  ten 
Sottiew4iat  prominent  glands,  placed  in  pairs  ;  the  jawa,  .which 
wercicompared  by  Aristotle  to  a  lantern,  consist  of  five,  conical 
triajOgular  boaes,  each  formed  of  two  pieces,  containing  in  their 
middle  ailon£  linear  curved'  tooth  ;  the  teeth  are  externally  con- 
■tBi^ajldifuwufihed  with  an  internal  mid-rib,  and  theend.liardens 
as  they  are  vi-oni  away  ;  these  jawa  are  articulated  togetiieE  byihe 
intervention  of  fi,ve  obloBg  bones,  converging  towai-ds  the' centre, 
and'.t'UrQiahed  with  five  other  linear  arched  bones.  iTbejaws 
aiel'iQo.v.ed  by.  muscles,  placed  between  them>  and.  by  some 
attaohed^to. five  variously  formed  erect  prooes.ses  placed' on  the 
oval  edge  of  the  body  of  the  shell ;  these  parts  are  figurad,  but 
BDt^V««y-ct)rKctly,Lby  Klein,  t.  "21. 
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more  or  less  distinct  grooves,  situated  at  the  base  of  each  arm 
of  the  intern^  processes,  and  diverging  from  them ;  and  on  the 
edge  of  the  extra  ambulscral  beds  just  by  the  outer  margin  of 
the  ambulacra.  I  am  not  quite  sure  what  is  the  use  of  these 
grooves,  but  they  have  very  much  the  appearance  of  pulleys, 
over  which  some  muscles  work,  and  examining  a  specimen  of 
Echinus  mammillaius  preserved  in  spirits,  I  observed  ten  ahmb-like 
bodies  attached  to  filiform  nerves,  or  muscles,  which  appear  to 
extend  up  towards  the  body  of  the  shell :  I  am,  therefore, 
inclined  to  think  that  they  are  the  means  by  which  spines  are 
moved  and  nourished^  but  I  cannot  at  present  decide,  fi^m  the 
want  of  live  and  preserved  specimens^  to  dissect  and  examine 
more  minutely.  \.       ... 

This  group  is  synonimous  with  the  ^enus  Echinometra.  of 
Bryerius,  and  the  section  Cidaris  of  Klem,  It  is  divisible  into 
two  families. 

Fam.  I.  CiBARip^.    Cidaris,  Lam. 

Body  with  two-sized  spines ;  larger  ones  club-shaped^  or  very 
long ;  .6pine»bearing  tubercles  perforated  at  the  apex. 

Gen.  I.  Cidaris,  Klein,  Lam.    Turbans. 

Body  depressed,  spheroidal ;  ambulacra  waved ;  smaU  spiaea 
compressed,  two  edged,  two  rowed,  covering  l^e  ambulacra^  ?and 
surrounding  the  base  of  the  lai^er  spines. 

This  genus  may  be  divided  according  to  the  form  of  thelai^^ 
spines ;  the  extra  ambulacral  beads  have  only  two  rows  of  spines. 

C.  imperialis,  Lam.    Klein,  t.  yii.  f.  A. 

2.  DiADEMA.    Diadems.  ' 

Body  orbicular,  rather  depressed ;  ambulacra  strdt^  ^Py^ 

often  fistulous.  . '  !/ 

*D.  setosa,  Leske,  Klein,  t  37,  f.  1,2.    Echinus  Diade^a, 

Lin.    **D.  calamaria.    Echinus,  Pallas,  Spix.  Zool.  t.  2,  f.  4, 8^ 

3.  AsTftOPYGA.  '  J 

Body  orbicular,  very  depressed ;  ambulacra  strait;  'ovatian 
scales  very  lone,  lanceolate  ;  beds  with  several  series  of  sj^e's. 
A.^adiata,  Leske,  t.  44,  f.  1.  '  ' 

•  r  , 

jFai».2.  EcHiNiD^.  :  '  -  I  ... 

Body  with  nearly  uniform  spines ;  spine-bearing  tubercfesiibt 
perforated.  '        : 

;  :'$iCiAiW&j  Liu.  Van.  Phelsum.  ;  ^     .  a:\  ,r 

■  .£ody  arbiaular,  subangular ;  beds  with  cross  rows  of  spilies. 
E.  tsculentus,  X<2;i.  'u.  x^-ni; 

EcuiKOMETEA^  BryeAus.     VanPhekum. 

Body  ovate  or  elUpticaY,  e^c\i\i^^  m\)sv  V?Ki  t^S^  <iC\5ii^e 
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*E.  Xucuntur.  Echimis,  Lin.  Klein,  t.  30,  f.  A.  B.  *»E, 
atratus,  Kkin,  t.  47,  f.  12.  ***E.  mammillatus,  K/ein,  t.  29, 
f.  1.   The  last  two  Bectioos  will  most  probably  form  a  new  genus. 

The  genus  Clypeus  of  Klein  and  Leske,  the  £c/«'HOBinas  of 

Van  Phehum,  appears  to  be  very  doubtful.    Lamarck  considers 
them,  species  of  (Julerites. 

1.  Annectant  Group. —  'Bodu  not  globular,  variously 
shaped ;  jaws  not  projeciing ;  anus  lateral  or  helbw;  anus  and 
mouth  covered  with  imbricate  irregular  scales. 

Fam.  3.  Scutellid^. 

Body  depressed  or  conical,  covered  with  numerous  minute 
equal-sized,  immersed  tubercles  ;  spines  short,  cdnJcal,  thin, 
equal ;  ambulacra  in  ten  ehort  bands  bendinc;  together  iu  pairs, 
like  the  petals  of  a  flower,  formed  of  two  distinct  lateral  holes 
united  by  an  external  groove  ;  mouth  central ;  teeth  blunt,  riot 
exserted;  jaws  formed  of  five  pair  of  depressed  triangular  bones ; 
internal  cavity  divided  by  numerous  vertical  columns  supporting 
thejawa;internaloral  edge  with  five  pair  of  simple  processes;  ovariai 
pores  4-5,  situated  between  the  ambulacra  surrounding  the  Cor- 
pus Spongiosum ;  interovarian  pores  minute,  at  the  centre  of  the 
ape}(  of  the  interambulacral  area. 

The  cruBtaceous  covering  of  the  body  is  usually  thickened 
internally  by  an  additional  coat,  and,  being  strengthened  by 
the  interoal  columns,  resists  the  action  of  the  sea  for  a  length 
of  time.  It  is  formed  of  twenty  bands  of  pieces,  but  the  conti- 
nuation of  the  ambulacral  bands  are  often  very  much  dilated  and 
perforated, 

."^his  family  is  allied  to  the  Echinidoi  by  the  equal  fipiues,.  and 
havmgjaws,Stc.;  to  the  annectant  families  of  the  order  i^ef/mdo, 
by  their  jaws  being  only  used  for  pressing  the  food,  and  by  th^a 
'Ea4iated-lobed  form  of  some  of  the  species. 

*Echinanthus,  lirt/eriun.     Clypeaster, -iom. 

f^HiNANTHus,   tiob.  not     Van   Phel.    Echiaofodum,   Van 
I,     Scutum  angulare,  Klein. 
ody  oval,  or  sub-pentangular,  above  convex,  beneath  con- 
B-cave,  with  five  grooves;  ambulacra  in  pairs,  rounded;  ovarial 
L-Boresfive;  mouth  central ;  anus  marginal;  the  jaws,.  A7hm,  ti  S3, 

V  *lnterambulacral  area  rounded,  E.humihs,  7-esfte,  t.  17,  f,  A. 
m  t.  10  B.  Echinus  rosaceus,  Liu.  E.  subdepressa,  nob.  Klein, 
■  i^l9,f.AB.  Seba.ni.t.lB,  f.  15andl2.  E.ambigena,  icu- 
■UfsUa,  Liim.  SeOa,  iii.  t.  15,  f.  13,  14,  ^'^Interambulacral ; 
■itrea  acute.     E.  altus,  Leske,  t.  53,  f.  4, 

V  Lagan  A.  Placenta  lagana,  Klein.  Echinodiscus,  Van 
B^mg/i  not  Bryerius, 
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ambulacra  in.pairs,  rounded ;  mouth  central ;  anus  between  the 
jnargin  and  the  mouth. 

L.  minor.  £chinodiscu6  laganum,  Leske,  t.  22,  f.  a,  b,  c. 
L.  8Cutiformis,  Sebaj  iii.  1. 15,  L  23, 24;  see  Scutella,  n.  15,  16, 

''^^Echinodiscus,  Bryerim,    Scutella,  Lam. 

EcHiNARACHNius, Leske.    Arachnoides,  iCfetn. 

Body  flattened,  outline  orbicular,  or  subangular,  above  rather 
convex,  edge  thin;  ambulacra  in  pairs,  like  a  flower;  mouth 
central ;  anus  marginal, 

E.  placenta.  Scutella,  Lam.  Klein,  t.  20,  f.  A  B.  E.  parma, 
Scutella,  Lam.    E.  lenticularis,  Scutella,  Lam. 

EcHiNODiscus,  Leske,    Mellita  and  Rotula,  Klein. 

Body  flattened,  outline  orbicular,  above  rather  convex,  edges 
thin ;  ambulacra  in  pairs,  like  a  flower ;  mouth  central ;  anus 
between  the  margin  and  the  mouth.    Jaws,  Klein,  t.  33,  f.  r,  s. 

♦Entire.  E.  orbicularis.  Echinus,  Gmelin.  Leske,  t.  45,  f. 
B,  7.  E.  fibularis,  Scutella,  Lam.  **Lobed.  E.  inauritus, 
Seba,^iii.  t.  15,  f.  3,  4.  E.  auritus,  Seba,  iii.  t.  15,  f.  1,  2. 
E.  dentata,  Klein,  t.  22,  f.  E  F.  ***Perforated.  E.  bifora, 
Klein,  t.  21,  f.  A  B.  E.  digitata,  Klein,  t.  22,  f.  A  B.  E.  octo- 
dactylus,  Klein,  t.  22,  f.  C  D,  &c. 

EcHiNOCYAMUs,  Leske.    Fibularia,  Lam. 

Body  subglobular ;  outline  ovate,  or  orbicular,  edge  rounded ; 
inside  with  columns  ;  ambulacra  in  pairs,  short,  like  a  flower ; 
mouth  central ;  anus  between  the  mouth  and  edge. 

E.  ovulum,  Fibularia,  Lam.  E.  pusillus,  Spatangus,  MuUer, 
Zaol.  Dan.  iii.  t.  91,  f.  5,  6.  E.  tarentina.  Lam.  E.  trigona. 
Fibularia,  Lam. 

Cassidulus,  Lam. 

Body  elliptical ;  outline  ovate,  above  rather  convex  ;  ambu- 
lacra 5  stellate ;  mouth  central ;  anus  between  the  vertex  and 
the  margin. 

C.  complanatus.  Lam.    C.  scutella,  Lam, 

C.  lapis  Cancri  by  it^  figure  appears  to  be  allied  to  the  genua 
Echinola'mpas,  and  will,  perhaps,  form  anew  genus. 

Fam.4.   GALERITIDiE. 

Body  ovate  or  conical,  covered  with  numerous  ismall,  equal, 
sunk  tubercles ;  spines  short,  small,  equal ;  ambulacra  complete, 
forming  bands  (rarely  interrupted  at  the  edge)  from  the  mouth  to 

the  vertex  ;  mouth  mostly  central ;  jaws ? ;  internal  cavity 

hollow,  destitute  of  verticaY  ip\W«Li^  \  on^cvmx  ^Qft^%  4:\  corpus 
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the interovarial  perforationgminute,  at  the  apex  of  the  ambulacra. 
The  body  formed  like  EckinidiE  of  twenty  hands,  |he.  ambulacral 
band heing the  narrowest;  the  suturesarenot  so  distin(;t!y  BiiiLious 
as  in  ILcMuidte,  _      ,  ;, 

Galerites,  Lam.  Fibula  coiiuIub,  Klein.  EchiniteSj- I'a;! 
Fhel.     Echinometra,  Van  Vhel. 

Body  conical;  base  orbicular  or  subangular;  ambulacra  ten, 
each  formed  of  two  series  of  perforations  placed  together  in 
pairs,'  extending  without  interruption  froni  the  mouth' to' the 
,   TerteS  ;■  tnouth  central ;  anus  marginal;  dnly  found  ibssil. 
—    G.  vulgaris,  Lam.     Klein,  t.  14,  f.  A  K. 

K^  DiscoDEA.      Fibula   discoidea,   Klein.     .  Galeiites,    Lam. 
Echino  discoides.  Van  Fhel. 

Body  orbicular,  depressed ;  ambulacra  ten,  placed  in  p^frs  ; 
alternately  smaller,  rest  like  Galerites.  '   . 

D.  rotuiaris.     Galerites  rotularis,  Klein,  i.  14,  f.  L— j-O.'       ''  '! 

;:  ECmNANAus,  Kmiig.  Echinoneus,  Van  Phel.  ^ad-i^m. 
JSchinoconi  pars,  Bri/erms.  '  .1       "    .i) 

"  Body  obovate  or  orbicular,  rather  depressed  ;  ambulacra,  W, 
placed  in  pairs,  extending  withoutinterriiption  from  the  vertex  t^ 
the  mouth  ;  mouth  central ;  anus  placed  between  the  mouth  and 
the  margin.  ; 

E.  cyclostomus,  Jiob,  Echinoneus  cyclostomus,  Klein,  t.  37, 
f.3,4.  j 

■  ■  EcHiNOcoRYS,  Bryerivs.  Echinus  salaris  and'  peiasJus, 
'Vari  Fhel.     Cassis  Galea  and  Galeola,  Kki)i.     Anachileii,  Lkrf^. 

Body  ovate,  convex;  base  oval,  flattened;  ambiilacra' tenj 
pisic'ed  in  pairs,  extending  without  interruption  frorti  the, venejc 
tO'theliioatb,  where  they  become  closed  together;  mouth  latei^ 
trausverse;  anus  marginal.  '  ' 

E.  ovatus,  Leske,  t,  53,  f.  3.  Anachites  ovata,  Lam,  This 
genus  is  very  closely  allied  to  the  Spataiigidte,  and,  pei'haps, 
ahOuM  be  referred  to  them.  '   ..t 

""  E<;HiNOLAMPAs,/io6,  Echinanthus?  VunFliel.  Echiniinlhiife, 
Leske.     Clypeaster,  Lam.     Scutum  ovatum,  Klein.  ^ 

Body  ovate,  convex;  base  ovate,  flattened,  extended  po^te- 
ll'otty;  ambulacra  ten,  placed' in  pairs,  rather  distant,  near  thp 
vertex,  interrupted  at  the  edge,  and  close  together  ncar'the 
mouth;  mouth  subcentral ;  anus  marginal. 

,  *E.  Kcenigii,  »o6.  Echinoneus  lauipus,  De  la  Bcuhc,  Tram, 
■GeqI.  Soc.  i.  t.  3,  f.  3,  4,  fi.  **E.  oviformis,  ;/r.i.  Eciiimis, 
■f^mhii.  Clypeaster  oviformis.  Lam.  Klein,  t.  20,  t  'c  d, 
;^.oneutalis,"wi-.     Sehu,  iii.  t.  10,  f.  23,  24.  ' ', 

,  ,,,E(;mNOBin5.sL'B,  iJrymus.     Kucleolites,  Z.um. 
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balacra  ten,  in  pairs,  radiating  without  interruption  from  the  Yertet 
to  the  mouth ;  mouth  subcentral ;  anus  dorsal. 

E.  Bryerii,  n.  Nucleolites  scutata.  Lam.  Bryerius,  t.  6, 
f.  1,  2. 

Fam.b,  Spatangid^. 

Body  ovate  or  heart-shaped,  rather  gibbous,  covered  with 
numerous  small,  and  some  scattered,  rather  larger  tubercles; 
spines  setaceous,  depressed,  unequal-sized,  the  larger  tubercles 
perforated ;  ambulacra  subcomplete,  interrupted  at  the  edge, 
forming  a  cross,  uniting  by  pairs,  each  formed  of  two  rows  of 
perforations ;  mouth  submarginal,  below,  transverse,  destitute  of 
jaws  ;  internal  cavity  destitute  of  vertical  pillars  ;  ovarial  pores 
four,  close  together,  vertical ;  interovarial  pores  very  small  j 
corpus  spongiosum  vertical,  anterior* 

The  crustaceous  covering  of  the  body  of  these  animals  is  thin, 
and  formed  of  twenty  bands  of  pieces,  like  all  the  other  Echinida, 
but  the  interambulacral  arese  are  unequal ;  the  posterior  lateral  ones 
are  usually  very  broad,  the  lengthening  of  which  is  formed  more 
especially  by  the  extension  of  the  pieces  of  the  posterior  band 
of  this  area;  the  hinder  middle  area  is  rather  irregular ;  the  pos- 
terior series  of  each  of  the  two  hinder  ambulacra  being  extended 
into  it  just  below  the  anus  so  as  to  form  an  isolated  subpentan- 
ffular  piece,  externally  marked  by  a  smooth  groove,  the  ambu- 
lacra then  being  extended  beyond  it,  leaving  a  central  ovate,  or 
lanceolate  medial  inferior  area.  Round  the  mouth  there  are  five 
grooves,  the  continuation  of  the  ambulacra,  which  are  more  or 
less  perforated  with  holes,  through  which  pass  out  branched  teni- 
tacula,  like  those  of  Holothuria,  see  Leske,  t.  43,  f.  6. 

The  species  like  Brissus  purpureus,  which  have  very  distinct 
larger  spines^  are  aUied  to  Cidarida  by  the  tubercles  of  the  lar^ 
ger  spines  being  perforated.  The  whole  family  is  allied  to 
Holothuriada  by  the  thin  texture  of  the  crustaceous  covering, 
and  by  the  mouth  being  destitute  of  jaws,  and  surrounded  by 
branched  appendages. 

♦Echino  spatangus,  Bryerius.    Cor  marinum,  Klein. 
Spatangus,  Klein. 

Body  cordiform ;  back  with  large  perforated  tubercles  ;  am- 
bulacra four,  the  posterior  one  wanting,  or  not  perforated. 
S.  purpureus,  JLeske,  t.  43,  f.  3,  5  ;  t.  45,  f.  5. 

.    EcHiNOCARDiUM,  Vau  PkeL? 

Body  cordiform ;  back  equal,  tuberculated ;  ambulacra  five, 
the  posterior  one  in  a  groove,  perforated. 

E.  atropos.  Spatangus,  Lam.  E.  pusillus,  Leske,  t.  38,  f.  6  ; 
Klein,  t.  24,  f.cde.    E.  seba,  Scbtt,\\\.  !•  IQ^f*  21^  A  B. 
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Bhissub,  Ktein.    Nuces,  Van  Phel. 

Body  ovate ;  ambulacra  four,  the  hinder  wanting,  all  suf'V 
rounded  by  a  groove. 

*B.  ventricosua,  Leske.  Klein^  t.  26,  f.  A.;  unicolor,  Leskt 
Klein,  t.  26,  f.  B  C.  **B.  carinatus,  Leske,  t.  48,  f.  4,  5.  Sebi 
iii.  t.  14,  f.  3,  4.     B.  columbaiis,  Seba,  iii.  1. 10,  f.  19. 

Ova,  Van  Phel.    Brissoides,  Klein, 

Uody  ovate,  deeply  grooved  in  front;   ambulacra  five,  itaif.% 
pressed. 

O.  canaliferus.     Spatangua,  Lam.     Klein,  t,  27,  f.  A. 

The  Spatangus  prunella,  Xam.  Kmaig,  Icottes  Foss.  Sectiles, 
t.  3,  f.  34,  appears  to  be  the  type  ofVanPhehum's  genua  Amygdala, 
ivbich  ispeculiar  for  the  anus  beins; nearly  dorsal;  andSpaUingus 
Vadiatus,  Klein,  t.  2, 5,  appears  to  form  a  new  genus. 
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Article  V. 

Singular  Fossil  Nuls.     By  J.  L,  Levison,  Esq, 
(To  the  Editors  of  the  Annals  of  Philosophy.) 
GENTLESIEN,  54,  Bcr«:ttkslnti,  Oxfird-slnel. 

As  I  am  in  possession  of  some  fossil  nuts  which  I  think 
highly  interesting  in  a  scientific  view,  particularly  as  I  do  not 
recollect  having  seen  them  noticed  in  any  work  on  geology,  I 
■will,  therefore,  briefly  state  their  history.  They  are,  or  appear  to 
be,  a  similar  kind  to  our  common  wood  nuts,  and  were  found 
near  the  Giant's  Causeway  in  the  North  of  Ireland  ;  the  kernels 
are  changed  into  carbonate  of  hme,  with  a  slight  trace  of  iron ; 
they  have  quite  a  chalcedonic  aspect,  are  transtucent,  and  much 
harder  than  common  hmestone  fossils  ;  in  their  general  appear- 
ance they,  in  common  with  other  organic  remains,  have  all 
the  peculiarities  of  the  original  substance;  these  appear  to  be 
worm-eaten,  the  places  originally  perforated  remaining ;  but  the 
phenomena  I  would  more  particularly  request  your  attention  to 
are,  that  the  shells  of  these  nuts  are  unaltered  in  their  peculiar  pro- 
perties; they  are  slightly  discoloured,  they  retain  the  ligneous 
appearance,  burn  with  a  bright  flame,  which  converts  them  into 
charcoal :  the  only  difference  I  can  detect  in  these  fossil  shells 
from  recent  ones  is,  that  during  combustion  they  give  out  a 
fculphurous  odour,  and  do  not  make  any  crackling  noise.  With 
these  shells  and  nuts  are  found  fragments  of  fossil  wood  (proba- 
bly from  the  tree  the  nuts  grew  upon)  perfectly  converted  into 
carbonate  of  lime ;  and  what  appears  to  me  the  most  enigmatical 
is,  that  the  shells  have  not  any  adventitious  earthy  matter,  and 
that  these  pieces  of  wood  do  not  letoia  attj  ol  'Cixa  ti^v'ssiii.  ^■isv- 
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stance.  I  applied  heat  to  a  specimen  of  the .  wood^  but  it  only 
became  hot  giving  off  the  acid,  8cc. ;  it  effervesces  with  muria,tic 
acid  very  strongly.  If  you  think  these  curious  facts  worthy  of 
a  place  in  the  Anjiak  of  Philosophy y  they  may  probably  induce 
some  of  your  readers  to  offer  a  theory  to  elucidate  these  very 
natural  questions  ;  viz.  Why  the  shells  are  unaltered  in  all  the 
characteristic  properties  of  wood?  And  why  the  fragments  of  the 
wood  and  the  nuts  (which  were  all  found  together)  have .  undier- 
gone  a  perfect  change?  Whether  we  may  consider  the  shells 
preserved  (chemically)  by  essential  oil  of  the  nuts,  bitumen,  or 
the  adventitious  circumstance  of  being  impregnated  with  sulphur? 
I  remain,  Gentlemen,  your  very  obedient  servant, 

J.  L.  Levison.   ^ 

P.  S.  I  shall  be  most  happy  to  give  you  or  any  of  your  corre- 
spondents ocular  proof  of  the  facts  stated,  by  calling  on  me. 

%*  Specimens  of  fossil  nuts,  precisely  similar  to  those  de- 
scribed by  Mr.  Levison,  may  be  seen  in  the  British  Museum : 
they  are  from  Carrickfergus  Bay. — Edit. 


Article  VI. 

On  the  Advantages  of  High  Pressure  Steam. 
By  Mr.  John  rrideaux. 

(To  the  Editors  of  the  Annals  of  Philosophy.) 

PENTLEMEN,  Plymouth,  Oct.  4,  1825.    . 

If  the  following  obvious  remarks  have  been  any  where  anti- 
cipated/this  letter  may  be  destroyed.  But  having  seen  an 
attempted  demonstration  in  your  fourth  volume,  and  heard  it 
lately  repesLted  by  distinguished  practical  engineers^  that  no, 
direct  davdhtage  results  from  the  use  of  high  pressure  in  steam: 
engiTies,  because  the  force  of  steam  is  as  Us  density,  and  its  caloric 
a  constant  quantity  at  all  densities,  thus  making  the  force  just 
proportional  to  the  fuel  employed ;  it  seemed  to  me  worth  whilC; 
to  occupy  pne  or  two  of  your  pages  with  what  I  apprehend  to  be 
a  more  correct  view  of  the  subject. 

It  is  established  by  sufficient  experiments, 

1 .  That  the  caloric  of  steam,  in  contact  with  water,  is  a  con- 
stant quantity  at  all  temperatures. 

2.  That  every  elastic  fluid,  at  a  given  density,  has  its  expansive 
force  in  proportion  to  its  temperature,  increasing  .^-^  for  each 
ascending  degree  of  Fahrenheit.  , 

3l*Tb^t  every  elastic  ftu\d,  at  a  gi-oea  temperature,  Ims  its, 
)aii£riVe  force  directly  as  \\;&  d^xv«AX.^ . 
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From  these  premises  it  follows,  that  the  force  of  steam  is 
(lirectly  as  its  density,  multiplied  by  444  for  each  degree  of 
iacreased  temperature,  the  caloric  corresponding  with  the  density 
alone. 

For  instance :  steam  at  212°  has  an  elastic  force  =  30  inches 
of  mercury;  and  at  300°  =  nearly  140  inches,  neglecting  frac- 

By  the  second  law,  steani  of  the  density  dne  to  212°  raised  88° 
ivith  a  geometrical  increase  of  44-J.  for  each  degree,  shall  gain 
about  5'6  inches  ;  or  possess  at  300°  a  force  =  35'6  inches  of 
mercury. 

And  by  the  third,  the  density  due  to  300°  shall  be  as  35'6 
inches  to  the  force  found  =  140  inches,  or  about  3-9  times 
greater  than  at  212°. 

But  the  caloric  being  constant  is  in  simple  proportion  to  this 
density ;  and  the  fuel  consumed  nuust  be  expected  to  correspond 
with  the  caloric. 

Then  30  inches  x  39  =  117  inches,  the  force  due  to  the 
deitiitif  at  300°,  deducted  from  140  inches,  the  force  found  by 
experiment,  gives  23  inches,  the  profit  by  working  at  300°. 

If  this  example  be  just,  the  weight  of  steam  employed  having 
its  caloric  constant,  shall  be  a  measure  of  the  fuel  consumed  ; 
and  there  is  a  direct  profitin  the  ratio  of -JiJ.  for  each  ascending 
degree  of  Fahrenheit,  as  above  stated. 

It  is  plain  from  the  nature  of  geometrical  progression,  that  this 
profit  snal!  increase  as  the  temperature  is  more  elevated :  if  we 
work  at  C00°  the  force  of  e^ch pound  of  steani  shall  be  double  of 
that  at212°;  and  if  we  go  up  to  060°  or  980°,  it  shall  be  quad- 
ruple ;  the  caloric,  and  consequently  the  fuel,  remaining  a  con- 
stant quantity. 

It  is  easy  to  illustrate  this  from  the  reports  of  worlcing  engines, 
but  the  effects  in  these  cases  are  dependent  on  such  mixed 
causes,  that  no  uniform  conclusion  can  be  drawn  from  them. 
Can  you  refer  me  to  Watt's  experiments  on  the  density  of 
steam  l 

In  taking  the  caloric  contained  in  the  steam  as  a  measure  of 
the  fuel  consumed,  there  is  not  exact  precision :  radiation  will 
of  course  increase  with  temperature  ;  but  I  thought  this  might 
probably  be  more  than  compensated  by  the  diminished  surface 
of  the  vessels ;  and  that,  in  the  rapid  action  of  a  steam  engine, 
it  could  hardly  make  an  appreciable  difference. 

A  collateral  advantage  of  not  less  importance,  well  known  to 
engineers,  and  which  did  not  escape  the  sagacity  of  Mr.  Watt, 
is  gained,  in  allowing  high  pressure  steam  to  expand  in  the 
cylinder.  Mi.  Watt  tias  given  a  formula  for  calculating  the 
profit  on  this  proceeding;  but  for  a  much  more  perspicuous 
demonstration,  I  am  indebted  to  a  conversation  with  Mc. 
Perkins. 
»     Neta  Series,  vol.  x.  2  f 
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Suppose  we  have  to  work  at  a  pressure  of  10  lbs. 
on  the  inch. 

Let  the  »team  be  raised  to  a  force  of  80  lbs.  on  the 
inch,  and  let  in  ^th  of  the  stroke ;  then  stop  the 
eommunication,  the  piston  being  at  I. 

We  have  thus  :|.th  at  80  lbs. 

When  the  steam  has  expanded  to  II,  the  volume 
is  doubled,  and  the  foiice  reduced  to  40  lbs.  (suppose    ■    « 
ing  the  cylinder  to  keep  the  temperature  constant), 
the  mean  from  I  to  II  beinff  60  lbs. 

Hence  we  have  -i-th  at  60  lbs. 

When  the  piston  reaches  IV,  the  volume  is  again 
doubled,  and  the  force  reduced  to  20  lbs.  the  mean 
from  II  to  IV  being  30  lbs. 

This  gives  ^^th  stroke  at  30  lbs. 

On  reaching  VIII,  the  volume  will  again  double  itself,  and 
the  force  will  be  reduced  to  4^;  thus  becoming  10  lbs.  on  the 
inch  as  proposed  ;  but  the  mean,  from  IV  to  the  bottom,  is  151bs. 

Which  makes  ^  stroke  at  15  lbs. 

Adding  these  quantities  together,  we  have 

1. 1  at  80 lbs.  =  lOlbs. 
I  to      II.  ^  at  60  lbs.  =    7-5 
11  to     IV.  4.  at  30  lbs.  =    7-5 
IVtoVIIL +  atl61bs.  =    7-5 

32*5  lbs.  on  the  inch. 

for  the  mean  impetus  communicated  to  the  fly-wheel  by  each 
stroke  of  the  piston :  and  as  the  cylinder  foil  of  steam  is  at  a 
density  of  only  10  lbs.  on  the  inch,  the  power  thus  gained  appears, 
at  first  view,  enornious. 

But  against  this  must  be  set,  the  irregularity  of  the  impulse 
communicated  to  the  fly,  and  of  the  temperature  supplied  to  the 
cylinder;  beside  the  additional  weignt  and  friction  e(  the 
machinery,  and  other  considerations ;  involving  too  many  theo- 
r^tioul  principles  to  allow  of  a  satisfactory  estimate  from  calcu- 
lation, without  direct  and  repeated  experiment. 

Enough,  however,  is  known,  to  prove  both  in  practice  and 

theory,  that  great  profit  is  attainable  by  working  steam  at  hiffh 

temperatures ;    and  the  limit  of  economy  appears  to  me  the 

degree  at  which  water  is  decomposed  by  the  containing;  ]f essels. 

I  am,  Gentlemen,  your  very  humble  servant, 

■  •  ■  .'   ■  ■      ^    < »  '.'■»»•  1  'I      . 


•-   I   . 


;',    ■    •.       '■-'.  i       -M..      ■  '        ■■ 
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Article  VII. 

Astronomical  Observations y  1825. 
By  Col.  Beaufoy,  FRS. 

Bushey  Heathy  near  Stanmore, 

Latitude  SP  37'  44'3"  North.    Lon^tude  West  in  time  T  20'93". 

Observed  Transits  of  the  Moon  and  Moon-culminating  Stars  over  the  Middle  Wire  of 

the  Transit  Instrument  in  Sidereal  Time. 

1825.        Stars.  Transits. 

Oct  21.— c*  Capric  . 2Ih  35'   43-77" 

21 — 345Aquaru 21  49  06-47 

21.— SOAquaru 21  64  07-97 

21.— 44  Aquarii   23  08  0206 

21.— Moon's  First  or  West  limb....  22  11  11-09 

2!.— 51  Aquarii .22  15  03-70 

21.— 166  Aquarii 22  28  46-40 

21.— 183  Aquarii 22  30  48-66 

21 — ^919  Aquarii 22  38  62-70 

22.— ^Aquarii 22  19  63-41 

22.— >i  Aquarii 22  26  26*27 

22.— 1  Piscium 22  46  07-11 

22.— 2Pi8cium 22  60  33-79 

22.— Moon's  First  or  West  Lunb  . . , .  22  56  60  47 

22.— a  Piscium  22  69  47-37 

22.— y  Piscium 23  08  1 0-02 

22.— 68Pi8dum 23  14  38'3a 

22.— x>  Piscium 23  18  02-2T 

24 — Moon's  First  or  West  Limb. .. .  23  27  28-92 

24.— SPisdum 23  39  41-63 

24.-^297  Ceti 23  59  18-61 

26.— 68  Piscium 0  37  69-12 

25.— 76  Piscium 0  57  2«-te'        - 

25 Moon's  First  or  West  Lunb....     1  14  00^$       .  >. 

25.^)j  Piscium 1  21  61-54  ,       .        . 


I       ' 


Eclipses  of  Jupiter's  satellites.  '  " 

Oei.  26.    Immersion    of  Jupiter's    first  fl6h  23'   09''  Me^n  Time  at  ^^eiiejr: 

satellite 1 16    24    30  Mean  Tbne  at'Ore^Wi^. 

Nov.  4.    Immersion  of  Jupiter's  secpndj  14    66     12  Mean  Time  at  Bnshtf.  • 

satellite ....(14    66    33  Mean  Tim« at  jG(feeii|«figh. 
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Article  VIII. 

On  Three  new  Salts  of  Soda.    By  Thomas  Thomson^  MD.  JPRS. 

The  salts  which  have  been  already  examined  by  chemists 
with  more  or  less  attention  amount  to  about  840.  But  this 
number,  great  as  it  may  appear,  constitutes  but  a  very  small 
proportion  of  the  saline  combinations,  capable  of  being  formed. 
We  can  hardly  examine  even  the  most  common  substances  with 

2f2 
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any  attention  without  being  struck  with  some  new  and^unex- 
pected  phenomena.  Indeed  our  knowledge  of  saline  pjOjQQtbijia- 
tions  and  of  the  limits  within  which  these  combin;aiiop5 .  are 
confined,  is  so  important  that  we  are  not  prepared  to  reason 
generally  on  the  subject.  Compounds  are  perpetually  pMesentntog 
themselves  which  are  at  apparent  variance  with  our  ptieconoeived 
notions.  For  example,  what  opinion  is  more  fimJy  established 
than  that  tlie  saline  compound  of  sulphuric  acid  and  soda  cannot 
crystallize  unless  it  be  combined  with  a  considerable  qus^tfty  of 
water?  Yet  I  have  lately  met  with  this  acid  and  base* pbiafcifted 
in  definite  proportions  and  in  well- formed  crystals  totally  desti- 
tute of  combined  water. 

Tlie  muriatic  acid  of  commerce  is  never  free  either  from  sul- 
phuric acid  or  iron.  On  that  account  I  am  in  the  habit"  of  pre- 
paring muriatic  acid  for  the  purposes  of  analysis  by  passipg  a 
current  of  muriatic  acid  gas  tnrough  distilled  water  till  the  liquid 
refuses  to  absorb  any  more.  The  common  salt  from  which  the 
muriatic  acid  gas  is  evolved  is  put  into  a  large  retort,  and  the 
Requisite  quantity  of  sulphuric  acid  of  commerce  to  decompose  it 
is  poured  in  at  intervals  through  the  tubulated  opening  in  the 
retort.     The  retort  is  heated  by  a  lamp. 

By  this  process  a  vast  quantity  of  gas  is  evolved  at  first ;  but 
it  gradually  diminishes,  and  at  last  ceases  altogether  long  before 
the  whole  of  the  common  salt  is  coiiyerted  into  sulphate  of  soda. 
Indeed  this  complete  decomposition  cannot  be  effected  without 
a  degree  of  labour  and  a  repetitioA  of  so  many  processes,  that  I 
find  it  not  worth  while  to  prosecute  it  beyond  a  certain  point. 
There  remains  in  the  retort  an  indurated,  white,  and  very  sour 
tasted  salt,  which  I  dissolve  out  by  filling  up  the  retort'  with 
water,  and  digesting  it  on  the  sand-bath.  The  difficult  solubi- 
lity of  this  salme  residue  is  so  considerable  that  repeated  diges- 
tions and  a  ^reat  deal  of  water  are  necessary  to  remove  it !bjit' of 
thie  retort.  If  the  first  solution  obtained  in  this  manper,  v^fhich 
is  exceedingly  acid,  containing  a  great  excess  of  stilpliurib'tLCid, 
be  concentrated  on  the  sand-bath  and  set  aside  for  crVstiaUiza- 
tion,  the  first  crop  of  crystals  formed  is  usually  vety  '^mildf  in 
shape  to  glauber  salt;  but  they  are  much  firmer  and  hesiviei^  and 
have  an  exceedingly  acid  taste.  These  crystals  do.  not  aWvays 
appear,  and  I  have  not  ascertained  the  circumstances' uponSvhrch 
the  appearance  depends;  though  it  is  probably  coritiedted  Whh 
the  proportion  of  excess  of  acid  which  the  liquid  contaih^I  '  But 
1  have  procured  them  several  times  successively  int  'the jdircum- 
stancesjust  described,  and  see  no  reason  to  doubt  tha^'^iher 
chemists,  by  proceeding  in  the  same  manner,  will  be  eqiiallV^fbr- 
.  tunate.  These  crystals  constitute  a  new  anhydrous' kau/vpip 
■  frbni  its  constitution,  I  shall  call  sesquisulphate  of:^paff^  *t  *^nall 
give  a  short  account  ot*  \\\e  Tpio^^txi^^^wd -^w^l^sis  6f  tMs  iiEil'jf^ 
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The  primary  form  of  common  sulphate 
of  soda  is  a  doubly  oblique  four-sided 
prism  with  the  following  angles. 

M'onT.108° 

P  on  T   101  30' 

Pon  M  128  (by  a  conmion  goniometer) 

"the  '^pute  edges  of  the  prism  are  fre- 
j^ue^dy  truncated^  making  the  prism  six- 
8i'(][e(j«  The  crystals  of  the  sesquisulphate 
of  soda  when  first  formed  are  perfectly 
trapsparent ;  but  I  have  never  been  able 
^to  o'btain  them  in  a  state  fit  for  measure- 
ment* 

I  believe  the  primary  form 
to  be  a  four-sided  right  prism. 
The  only  forms  which  I  have 
observed  are  represented  in 
figures  A  and  B.  A  repre- 
sents an  eight-sided  prism, 
terminated  by  a  four-sided 
pyramid,  having  a  rhomb  P 
instead  of  its  apex.  The  in- 
clination of  M  on  T  was  90°. 
"Hence  I  conceive  M  and  % 
to  be  two  primary  faces  of 
the  original  four-sided  right 
prism.  The  other  faces,  d,  e,  are  the  truncation  of  the  e(Jges*of 
the  prism.  P,  I  consider  as  the  remains  of  the  primary  t^rmiiaal 
tion  of  the  prism.  Its  position  is  oblique,  though  j^  have'  i^ot 
bten  able  to  measure  the  angle  very  exactly.  The  fojur  pyrami- 
dal faces,  a,  i,  c,  may  be  formed  by  decrements  on  tljie  iefrdinal 
afiglj^s  ,0^*  the  primary  prism.  I  have  not  met  with.aqy.  Qrysial 
exaqtiy  similar  to  figure  B.  The  lateral  edges  of  the  pniQary 
pri^m  are  always  truncated,  but  the  bihedral  summit  represented 
in  tte,  figure  occurs  occasionally.  It  is  obviously  produced  by 
a  .decremeijit  on  .two  of  the  edges  of  the  base  of  the  primary 
prism.  .  Mpst  commonly  the  two  sets  of  decrements  represented 
iu  these  two  figures  occur  together,  giving  the  terminal  truncated 
pyramidaj  figure  seven  faces  instead  of  five. 

Tffje^t^^te  of  the  salt  is  very  acid.  When  a  crystal  was  laid 
up9^,  blojilipg  paper^  the  paper  became  moist  and  acid,  and  con- 
tfDUpcJj^o,;  yjet  tne  crystal  did  not  apparently  absorb  moisture; 
D^^'cofftinvi^d.  harii  and  firm,  and  quite  ^Iry  on  the  surface. 
Ihapda  the  pftper  remained  dry,  if  the  crystals  had  been  washed 
in^water,  .^heje  ^as  not  the  least  tendency  tp  effloresce,  though 
the  salt  was  exposed  for  several  days  lo  i\v^  ^vt  Axixvcw'^  ^\>^ 
weather. 
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The  specific  gravity  of  the  salt  at  63®  ^m  2"26.  I  detenmne 
the  specific  gravity  of  salts  insoluble  in  alcohol  by  filling  a  nar- 
row graduated  tube  with  alcohol  to  a  certain  point.  Into  this  a 
given  weight  of  the  crystals  (say  40  grains)  is  put,  and  the  bulk 
of  this  weight  is  determined  by  observing  how  much  the  surface 
of  the  alcohol  is  elevated.  From  this,  knowing  the  weight  of 
100th  part  of  a  cubic  inch  of  water  at  62°  to  be  2'5272  grains,  it 
is  easy  to  deduce  the  specific  gravity  of  the  salt.  Thus  if,  40 
grains  of  a  salt  were  equivalent  to  the  bulk  of  10-lOOths  6f  a 
cubic  inch,  or  to  25*272  grains  of  water,  its  specific  gltlvi^ 
would  be  1'58. 

At  the  temperature  of  63°,  100  parts  of  water  dissolve  about 
25  parts  of  this  salt.  The  crystals  were  previously  reduced  to 
powder,  and  the  solution  was  accomplished  by  agitating  100 
parts  of  water  with  10  parts  of  salt  in  a  glass  tube.  As  soon  as 
the  first  lb  parts  of  the  salt  had  dissolved,  10  more  were  added. 
Twenty  parts  treated  in  this  manner  dissolved  completely ;  but 
when  about  the  half  of  the  third  10  parts  was  dissolv64.  crystals 
began  to  form  in  the  liquid,  and  to  subside  in  it.  Tnis  put* 
stop  to  the  process.  The  crystals  were  doubtless  common  sul- 
phate of  soda;  for  we  learn  from  M.  Gay-Lussac*s  experiments, 
that  at  the  temperature  of  64°,  100  parts  of  water  dissolve  onfy 
16*73  parts  of  anhydrous  sulphate  of  soda.     But  25  parts  of  ses- 

Iuisulphate  of  soaa  contain  19*5  parts  of  anhvdrous  sulphate, 
iccordingly  when  we  separate  the  sulphate  of  soda  frorti  the 
liquid  by  crystallization,  a  very  acitt  liquid  remains  behind. 

When  sesquisulphate  of  soda  is  heated  on  the  sand-Wt^  it 
does  not  melt  nor  alter  its  appearance,  and  loses  Very  llt'fle 
"weight :  40  grains,  when  treated  in  this  way,  sustained  a  losa  ot 
1*2  gffdn.  Even  when  heated  to  redness  in  a  platinum  cru6'iDl& 
the  tpss  of  weight  was  inconsiderable.  It  was,  therefore^  miixed 
>v5tix  a  sufficient  quantity  of  carbonate  of  ammonia,  and  lieaW 
oyer  a  spirit-lamp,  till  it  ceased  to  give  out  any  thih^J  Forty 
gr^in^^  oi  it  when  thus  treated  lost  o*7  grains  of  weigtt;  '  Vkt 
residual  3l*3  grains  proved  on  examination  to  be  aiihydroi^ 
sulphate  of  soda.     Composed  of  ,  '^'J^" 

J,  Sulphuric  acid , .,.  17'38  i^i.jrj" 

Soda 13'gi    "'i'  r '  * 

"■'    \  «;••»■■  ■  « 

31*30    ..      .-        op; 

Forty  grains  of  the  crystals  of  sesquisulphate  df  sodtf^rt 
diJisolved  iil  water,  and  precipitated  by  muriate  of  l3arWfeK''^Tfe 
sulphate  of  barytes  obtainea,  after  being  washed,  aiifed^''8tt4 
^xpoised  to  a  red  heat.  Weighed  76  grains,  e4uivaLl^rii/'t'B^2^42 
grains  of  sulphuric  acid.  '       '        '''  \'>  ^^-^ '^'^ 

If  from  25-42  we  suWct  Vi-^v^^  ^^^^l*^  M^^^ 
40  grains  of  the  salt  Y?TnLeucoi\Ne\l^imVo\x^\to^'k^^ 
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];^«f»  o£  lods,  t))€f e  TemKio  9'03.  Ifow  8-Q2  JB  T«|y  nearly  the 
tbird.part  of  25'43.    Th^e  ttie  constitueiits  of  the  sal^sre^ 

Sulphuric  acid 25-42  or  7-31 

Soda 13-91       4-0' 

■'    ■     loafi. 0-67      0'19       ■  ' 

40-00 

%i  tlie  loBB  be  sulphuric  acid,  as  is  not  uoUkely,  theo  tbe  s^t 
H'WibyUrsus,  and  its  constituents  are, 

1-^  atom  sulphuric  acid. 7-5  ■- 

"    ;■        1  atom  soda ;; ..  4K)     ' 

■  An  tlie  liquid  from  which  these  crystals  were  obl^jtied  co^i- 
tp^ned  a  quaotity  of  coramou  salt,  I  thought  it  possible' that, 
inuriatic  acid  might  have  formed  a  constituent  of  tjie'sall!; 
]}ift  when  a  dilute  solution  of  the  crystals  was  tested  with  nitrate 
of  silver,  no  precipitate  whatever  fell.  This  shows  tbat  the  salt 
was  free  irom  muriatic  acid.  Its  only  constituents  that  I  cii^il 
4eFect  are  sulphuric  acid  and  soda. 

2.  Bisulpkate'of  Soda. 
If  we  dissolve  glauber  salt  in  dilute  sulphuric  acid,  and,  afifeir 
concentrating  the  solution  sufficiently,  set  it  aside,  a  number  bf 
crystals  ^hoot  in  it,  which  are  in  transparent  prisms,  and  at  first 
^giit  bear  a  close  resemblance  to  those  of  common  sulphate  of 
Bpda. 

^  Tbpse  crystals  do  not  sensibly  deliquesce  wheii  ejcpbsed'to  the 
tih,(fi.i  least  the  deliquescence  is  very  slow).  But  when  left  upon 
^lottijDg  paper,  that  paper  soon  becomes  moist,  and  continu^ 
ifo.  The  salt  was  four  times  successively  traasferted  to  dry 
paper ;,  but  the  same  moistening  effect  took  place  up6n'  eadh. 
tVom  ^is  I  am  led  to  conclude,  that  the  salt  sloWly  attracts 
water  from  the  atmosphere.  I"',' 

The  crystals  when  formed  in  favourable  '' ' 

circumstances  were  four-sided  prisms 
terminated  by  an.  oblique  summit  as  re- 
presented in  the  margiD,  sensibly  the 
same  as  the  crystal  of  sulphate  of  soda ; 
tbp.ugh  in  all  probability  the  inclinations 
of  ^the  faces  differed  a  little ;  but  none  of 
,^em  were  bright, enojigh  ,tp  adniit  of 
'xp^urementby  the  reflective  goniometer. 
All  the  c^stals  observed  were  foiir-slded* "    j 

Srisms.     In  some  the  terminating  plane       I  ' 

f4  t^,fg^  qF/i,  %ure  B^i  thougnttve 
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prism  was  four-sided* ;  The  position  of  the  face«JBrft8itn«dhAioffe 

oUiqud  fwith  respect  to  the  prism  than  theifaoePw.tfiLeiKse /it 

^as  pr^li^ly  produced  by  a  decrement  on  tliB  teroiiriatiog  edge 

of.tAi^.  &Lce  M.    I  could  perceive  no  correspoi}dii;\g^.fac^jtQfa 

situated  on.the  opposite  face  of  the  prism  M^;  but  jth^fW9Aj[KB- 

b^);)lyt  owing  to  the  imperfect  state  ofthe  crystal.   .      ;   j.,^  ] 

',)<  The.  taste,  of  this  salt  is  very  acid*    When  a  crysl^  JM|^l3bel4ijU> 

.^e  .i[ifi,mf:  of  ^  candle^  it  melts  li)&e  a  piece  of  ic^.    ,tp-^^m^ 

al^ot  wf^en  heated  on  the  sand-bath|  and  remains  ]ujv}A\^i^^ipjfg 

.aa.YTfi  ple^sQ;  ifthe  heat  does  not  exceed  300^..  ^hi^i^^^livis 

,tre|i^?d.  it  Ipses  scarcely  any  weight.     18*6  gm\^$  Qf.tb^^siE^t 

dried  upon  blotting  P^G^^  were  exposed  to  the  fl^me  Qfj^i/^irit- 

\lafpp  ,ia  a^  very  small  platinum  crucible^  and  kept  in  a  rpd  h^  as 

long  as. perceptible  fumes  continued  to  be  given  out.    Th^  salt 

first  melted^  t^en  .boiled,  and  gave  out  copious  fumes  of  sjulpliuiiic 

acid.     After  some  time  it  became  a  dry  crust,  which  fused  whea 

the  heat  was  increased,  and  remained  in  a  liquid  state  during  the 

continuanoejof  the  experiment.    The  loss  of  weight  was  8*1  grs. 

and  the  salt  still  reddened  vegetable  blues  as  powerfully  as  ever. 

The  object  of  this  experiment  was  to  ascertain  whether  the  bisul- 

phate  of  soda  resembled  the  bisulphate  of  potash  in  the  obstinacy 

with  which  it  retains  a  certain  portion  of  its  excess  of  acid  ;  for 

itis  well  known  that  bisulphate  of  potash  cannot  be  freed  Arom 

iaili'>it»  excess  of  acid  by  heating  it  ovier  a  spirit-lamp.     We  «ee 

that  bisutpbate  of  soda  is  chara:cteri2ed  by  the  same  ptbperty. 

Specific  gravity  1*800.  '    *    *   •    *- '^ 

A  quantity  of  water  saturated  with  this  salt  at  the  temperature 

of  60    was  evaporated  on  the  sand-bath  in  a  glass  capsule  till  it 

ceased  to  Ipse  weight.     226*7  grains  of  water  thus  treated  left 

109*07  grains  of  bisulphate  of  soda.     Hence  it  ifoUows  that  at 

the  temperature  of  60°,   100  parts  of  water  dissolve  92*72  parts 

of  this  salt.     It  appears  from  this  experiment  that  bisulphate  of 

^bdWis  mot^  thkn  twice  4s  soluble  in  water  ofi;h6  tijntjWraltbre  of 

bf  do^,^^*!*  sulphate  of  soda;  fot  we  fekrn  ft6m  Guy-ttrisifei'js 

tttbley  thkilOO  parts  of  water  at  60^  dissolve  onlV'betwfefetf^ 

a!rttJ^®9  pifts  of  the  crystals  of  glaulx^r  salt.         '       -=-i-i>  ijq  i« 

'- To=<Jetet-mine  the  composition  of  thJ^  s'ilt,  20  ^ibs^x/f  iti)r^ 

hfefat^  in  a  small  platinum  crucible  over  a  6j[)irit?-MHip^XSoViite 

^ftrbdh^ate  of  6:mmonia  having  beetl  preVioutSly  mix^efi'^tH^flf)^' 

all  the  excess  of  acid  and  water  Were  'dissipated-i  krid-'Yierff 

«triphate  of  soda  remained  behind.    The  weight  of.rthi^^n});^ 

.;<(jr^ijs  and  xientral  sulphate  was  9*7  grains  composeii)f..J..-l 

■  ■:/  ;         Sulphuric  aci^. ..:..,.... :  5'37t 

'  Soda ....:... 4*322 

Vmlaitf  graH»'<«{  tbft'B^tx^ 
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tated  byimuriate  of  buy  tee.    The  sulphate  of  barytes  obtained, 

-  aflter  being,  washedy  drted,  and  heated  to  redness,  weighed  30*32 

grains,  ^  equivalent  to  10-278  grains  of  sulphuric  acid.    Now 

10'278  Approaches  so  rie?lrly  to  6-377  x  2,  that  we  can  have  no 
'dbubt  th^t  the  salt  contains  2  atoms  of  sulphuric  acid. 

I  ascertained  by  an  iexfferiment  to  be  stated  immediately  that 

fhfe'l-eaSoh  why  the  suTphnric  acid,  obtained  by  means  of  the 

tl[iu<*iidlie  bf  batytes,  wats  neW:  exactly  doiible  that  contained  in  the 
dn^triir^iJ(l|Aate  of  soda  was  owing  to  a  deficiency,-  in  all  proba- 
^illtj^|>^oeeedirig  frbm^^oine  additional  portion  of  WS.tei^'A^f6ririg 
'ttf-tHfe'siU  analyzed ;  forit  is  tather  difficult  to'  g«t  ih^'t^fclt  in 

{h^i^tb^^x  ^tate  of  dryness  to  fit  rt  for  analysis.       ■    ^'4  *  ^  -• 
■<rj  ^Hvfe  feonsidir  the  salt  as  a  bisulphate,  and.  tetlibtf- ifc^-am^ 
^tWlOri  As  miich  as  was  found  in  the  neutriil  sulphate  "ftiitif  50- grs. 
-'6FtiW'ialt,  thervthe  constituents  will  be  a^fblloWs  ^  ^^'  ;^^'^'  -' • 

rii;  XH    'It Suiphxuie acid.  « i  ••••••  .••lO*765orl0H)'  ^iJ")  ^  > 

■'^^'-'      ■    ^Soda ■;.'   4-822''^  '■'*0^'-i^'''""^- -» 

^ ''''''  ^-  .'  Water  . . . . ; 4^m    '^^^'^  :^;--  ^' 

-HJ  •'')  'r>\i     ^    ■     ■     ■■        :'.■.:.  ■  ■  ■  ;  '    •    ■     '  ■  •.•  K'  .[  U-    3i 

Y-h::.n-:^r-):    ■ ..  .     '     ■         -r     ■  :■    20*O6O-       ■  -'  ■  -  "J*--  .Ji. 

,M  5fh|etjnqm})ers  in  the  .seeped  column  ar^.the  equiv^len,taforthe 
^ytOQue  weights  of  the  constituents.  4*57  approachi^  sa  neady 
to  4i£^tom^  of  water  that  I  consideired  myself  entitled  to  conclude 
that  the  salt  is  a  compound  of 

vuitc;^.^;t72^  atoms  sulphtiric  acid..............  10-0 

■^^.^''^^l^atbm  soda.  ./..;... :.-..:........    4-0"  ' 

.-..»  ■>■•• '"'4 Storms" water :'•.•■. ■.■..."'..'•..',.."•  A*5'''  '""'"-■: 

*S,  Jji  .     i://'^-.      :     ^  \  .•■.'■-■•  -    '.■•■  ■■     '"  ^S    i. 

''•  ■  •.;  L'V  '■',         ^-  '     ■    ■        ..  "  '  iji8*5'j^'^^"^^    -'^ 

,;.,  .J'pv.^TO^thia' supposition,  18-5  grains  of.ttie  9?Jt;  wq-^, jlij^9Jii!iri^ J 
jtig^jiijfef.ipfi  mixed  .wittfc  absolution  of  26r6  gv^ix^^f^i  c^^Iori^  ^ 
l(ari«a3i.,^;^fjtjf.  th^  sulphate  of  barytes  ba4  prieqiRitaied^iJ^e 
supernatant  liquid  was.  te|Ste4  by  sulphate  of  soda, ^jg^^  Q^i;i^ 
,f;^f^^j|^y^es,.J3fit..was  npt  Reefed  by  either.  Ittberefpff  .CA^1#'ined 
pp^3§ylp^yc.i<?id,^  showing  that  18/5.  is-.ti^^tt^rije 

♦^t95JiQ  jyv^igj^t  ^x^^  t^e,  $a[lt;j  ^nd  consequently  that,  its  cq]!;^§liitt|jieints 


Thfi'sfMiififJ  gt«i«eV  of  anhydrOtfs  sulphate  of  soda'.  K.  i'/-^640 

liv  h'yix^^\ii{'  ofci^stallized  sulphate' of  sy<fa;'  .':^V:  1^880 

■'    '     <^.p-.. of  bisulphate  of  so(j|a.  . . ,  ^,. fc,^. , .  1*800 

: .;|: ; •  -  -  brsfeSquisulphate  of  sbda. .;.;.:.. . .  2-260 

It  is  a  TfUttous  circumstance  that  in  these  three  salts  both  the 
water  of  crysbiUization  and  the  surplus  "acid  (in  the  bisulphate 
and  ^€RBii(|ttbulphAte)  haten^^dergone  aa  ■  eXf  ansion  instead  of 
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contraetion ;  for  if  the  anhydrous  feulpliate  and  the  Itffktur^  eoniAi** 
toted  eke  crystal  of  sulphate  of  soda  united  without,  ajiy  oh^x^^ 
of  izolnms^'  the  specific  gravity  would  be  1*75,  iost^d  of  lSS^( 
so  thai  the  speoifio  gravity  of  the  water  in  the  cryatab  i^  pqJy 
0-318.  .  .   '.  ...,,,, 

U  in  the  sesquisulphate  we  calculate  the  specific  g|!avity  of 
the  scilpl^nic  acid  on  the  supposition  that  it  combines  witb  tb^ 
anhydrous  sulphate  without  any  change  of.  volume,  we.  dbt^ 
0*d.  ^oWfWe  are  certain  that  the  specific  gravity  of  anbyd^us 
sulphuric  acid  is  at  least  2.  Calculated  from  the  oisulpha^ey  the 
speoific  gravity  of  sulphuric  acid  would  be  1 '01. 

The  specific  gravity  of  sulphate  of  potash  is 2*880 

'  ..  ,  ■ .  ^ — of  bisulphate  ot  potash , . .  •  2*1 12 

If  we  calculate  the  specific  gravity  of  the  second  atom  ei^ 
sulphuric  acid  in  the  bisulphate,  on  the  supposition  that  the 
anhydrous  isulphate,  the  sulphuric  acid,  and  the  water,  unite 
without  any  change  of  volume,  we  obtain  0-923. 

Would  it  be  premature  to  conclude  from  these  facts  that  the 
water  of  crystallization  in  neutral  salts,  and  the  excess  of  acid  in 
supersalts,  undergo  an  increase  of  volume  instead  of  a  diminu- 
tion? I  could  produce  several  additional  examples  of  this 
increase,  if  this  were  the  proper  place  for  entering  upon  such  an 
investigation. 

3.  Prismatic  Carbonate  of  Soda, 

I  have  been  aware  for  some  time  that  when  the  common  octa- 
hedral  crystals  of  carbonate  of  soda  are  liquefied  by  heat  in  their 
vvater  of  crystallization,  and  the  solution  set  aside,  new  crystals 
of  carbonate  of  soda  are  formed,  having  a  different  shape,  and 
containing  a  smaller  quantity  of  water.  I  have  mentioned  the 
fact  generally  in  p.  267,  vol.  ii.  of  my  *'  Attempt  to  establish  the 
Hirst  Principles  of  Chemistry  by  Experiment."  But  my  experi- 
liente  had  been  made  on  too  small  a  scale  to  enable  me  to  det^r^ 
lAine  the  form  of  the  crystals,  or  to  subject  the  salt  to  an  analysts 
suflSciently  rigid  to  claim  a  place  in  my  late  work ;  though 'I  had 
concluded  from  my  trials  that  the  water  amounted  either  to  seven 
or  eight  atoms,  I  did  not  succeed  in  determining  whichb 

My  friend  Mr.  Charles  Tennant,  of  Glasgd^v,  who  m^a^ji&er 
tures  carbonate  of  soda  on  a  very  extensive  scale,  and  who  is  ia 
the  habit  of  continuing  his  processes  during  summer  2L»:Wi^U  M 
vwiater, , found  bimself  obliged  to  stop  the  crystallizing  of  the  %$\t 
during  the  very  hot  weather  of  the  summer  of  1825,  whid\.  ]i^ 
just  finished.  Before  the  stop  took  place,  several  croploiF crys- 
tals had  been  deposited  in  his  evaporating  pans  quite  diffei;eiii|t 
in  their  appearance  from  the  crystals  ;of  common  ^jiboppitQ  ^qf 
aiidt#j'pTbea6>crycktals  dram  \ke  a\t.^\v\JLQU  o&KbAsEVxQixM^  <#l9tke, 
M  exceedingly  ingenioua  cYiemvc»\.  itv^u^  ^^mvoa^  ^V^>&as.^^ 
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itianagemtet  of  the  laboratory  in  Mr«  Tennani's  work*:  He 
^Ht^ted  tt  oOfmldetabld^qoaiitity  of  the&e  orystalS)  and  sybj^ted 
theti  fib  a  ebettiioal  atialy  sis ;  the  result  of  which  led  him;  to  ooa- 
^ude>  ifaatthe  oonstitnents  of  these  crystals  were  I'^^ottt^earr 
bonic  acid,  1  atom  soda^  and  between  7  and  8  atoms  waterJ  ^. 
'■'■  To  this  ^entieman  I  was  obUged  for  about  a  pound  weaght  of 
"t^hr  Regular  and  pure  crystals  of  this  new  salt,  the  properties  :of 
^htiih I  shsm  now  describe.  r^    •;/(... 

^-<"Tb<s  <3rystal9  are  four-sided  prisms  terminated  by- foiir-sided 
py^nfliids^  some  of  them  an  inoh  and  a  half  in  lengthy  and  n^ore 
tnan  one-fourth  of  an  inch  thick.  They  do  not  effloresce^  whw 
i^^osed  to  the  air,  even  in  very  dry  weather*  But  ^ly  labori^ 
tory,  in  which  this  trial  was  made,  is  a  damp' room;  for  the 
College  of  Glasgow,  on  a  ground  floor  of  which  is  my  laboratoiry, 
IS  built  on  a  clay  soil.  Though  I  examined  upwards  of :  I OQ 
corystals  with  care,  I  did  not  find  one  with  facei^  su^cie^tly 
smooth  to  admit  of  measurement  with  the  reflective  goniotu.eiar» 
But  with  the  oommon  goniometer,  I  obtained  the  foUowipg 
measurements,  which  I  consider  as  tolerable  approximationSi 

MonP 90^ 

PonM' 90 

Monfc 115 

M'onfc' 115 

Pona 125 

a  on  6,  or  6' 160 

•  Wo  may  consider  the  primary  form  as 
«t  light  rectangular  prism  with  a  rectan- 
gular base. 

''-    The  (K>mmon  carbonate  of  soda  is  a 
bi^yramidal  octahedron,  the  common  base 
of  the  pyramids  of  which  is  a  rhomb  with 
flngles  of  120°  and  60°.     If  we  suppose 
thi^  form  to  be  represented  by  the  figure 
A'BiCD,then  an  idea  of  the  commoncrys- 
^al' of  this  salt  will  be  obtained,  if 
We  suppose  the  acute  angles  A,  B, 
of  the  rtiomb,  which   forms  the 
0(^«K>n  bade  of  the  pyramids,  to 
Ibie^runeated  by  a  plane  parallel 
to  tfe^  aadsC  Dof  the  octahedron, 
^t^ttegre' truncations  aremord  or  less 
d^{^^^^'but  L  have  iiever  met  with 
ir  distal -without  them,  though  I 

!telfeTbka«iined  several  hundred  crystals  of  all  sizes  fnstahalfiaa 
ikicH^l^webtinoheS' in  length.  ;     ;    f^ 

.;  >»|t'Wbtrfl  be  possible  to  derive  the  right  rectaft^lat-|;rism  fifiom 
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this  ocfcihedron,  by  sujiposing'  the  'ftJtir  atigleS  'of 'the  i^ittt 
A  c  Bd M  be  replace<i  by  tangent  planeS;  bat  tW9"iB  uilrii^ 
sary,  as' the  f wo  salts  differ  from  each  other  in  their  c&(]l^tffiiti6&; 
ana  is' the  pyramidal  termioation  is  qait'e  difFer^tit'ltortl'^ 
summiia'^,  I),  of  the  rhomboidal  octahedrbn  which  lit^ti^itilt^B 
the  prtbiiffy  Clri^stal  of  common  carbonate  of.Boda.  ''  ,'     '' 

lOO 'rtii't^  of  trater  at  the  temperature  of  63°  dissOl*^' 63'^ 

Sartfe  6f  th^se ,  crystals.  This  is  rather  more  than  the;'qtrrf(itity 
l^silvfed'  o!f-'crtnimon  carbonate  of  soda  at  the  same  temperaliure, 
provided  any  confidence  can  be  put  in  an  old  set  of  e!speritif^'tfts 
on  tli^^labi^y  of  this  salt  made  in  my  laboratoiy,  by  which  I 
find  ihat';5f 06,  ^artS  of  water  at  65°  dissolve  51-03  parts  of'lHe 
"Crjsrtflifei  '■     " 

Wheiijbeat^d,  the  salt  partly  liquefies,  but  not  completelif,  as 
is'thVcMe' with  the  octahedral  carbonate.  A  portion  remaiuB 
ikliit'ais'  ^olid  i  and  when  the  salt  is  cooled,  imperfect  crVstals 

■^o'fih 'ap^eaf.  ■  This  leads  to  the  supposition  that  there  exists  a 
thira^pe^ies  of  crystal  of  carbonated  soda  containing  still  less 
*aie*  bf  Aryetallizatioh.     Its  specific  gravity  is  1-51. 
'' Toft^et^rniine  the  Composition  of  this  salt,  a  variety  of  ezperi- 

■^eiiW'were  made,  the  moat  important  of  which  I  shall  briefly 
state,.''',  '    ■ 

]  -Q  ■)  50  grains  of  the  salt  were  dissojved  in  water,  and  neutral- 
ized Vith  nitric  acid.    The  solution  being  tested  by  muriate  of 

-ti^rytes  was  found  to  contain  no  trace  of  sulphunc  acid ;  but 
nitrate  of  silver  threw  down  a  quaatih'  of  chloride  of  silver,  the 

"weight  of  which  was  !'58  grain.  -  This  is  equivalent  to  6'39 
grain  of  chlorine,  orO'65  chloride  of  sodium;  so  that  100  grains 
of  the  saltcontain  1*3  grain  of  common  salt. 

(2.)  50  grains  of  the  salt  lost,  when  exposed  to  a  red  ieat  in 
three  several  trials,  28<ffi  grains.  Hovr  common  salt  being  anhy- 
drous, we  must  deduct  it  from  the  weight  of  the  carbonate  of 
soda  employed.  iTiis  being  done,  we  find  that  49-35  grains  of 
pure  prismatic  carbonate  of  soda  lose,  when  heated  to  redness, 
28'09  grs. ;  consequently  100  grains  of  the  salt  would  lose  by 
this  treatment  66-Q2  grains  of  weight.  This  is  the  amount  of 
the  w-ater  of  crystallization. 

,  (3.)  Into  a  small  Woulfs  bottle  furnished  with  two  moiitjis, 
one  of  which  was  stopped  with  cotton  wooli  were  inlroduced 
through  the  other  mouth  50  grains  of  the  crystals  of  this  salt. 
The  bottle  contained  a  quantity  of  concentrated  and  colourless 
nitric  acid  ;  it  had  been  previously  carefully  weighed,  and  it  was 
held  in  an  oblique  position  when  the  crystals  were  introduced. 
The  stopper  was  immediately  put  into  the  moutli  of  the  bbltl'e, 
and  it  was'  left  at  rest  till  tbe  solution  was  completed,  Tfie 
stopper  was  then  withdrawn,  and  a  small  sucker  introduced,'  by 

.wbikk  t  extracted  all  tive  ctts\ioia"i  «a\^  ^»a  cti'Q.\sOTv4.i.  \Q4.he 
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r)}pt!^,  .and  allowed  common  air  to  take  its  place  Tbe  Ioob  of 
.  jFsig^tr^ustained,  owing  to  ibe  escape  ofcdtbonit  ■ii.id  gas  was 
.I'^^gj'aitis.  When  dilute  sulphuric  acid  was  sijbst;tuted  for 
^nyj-jp,,  Jjie  loss  of  weight  was  always  less  ;  betduse  i  pcrtiOH  of 
„i)[|fi,fiiH:bonic  acid  remains  in  the  liquid,  and  i    e^tricit^d  nheii 

heat  is  applied.  In  two  trials  made  in  tins  mt\,  tbe  Jus*-  was 
7^'Mi^afld  8-01  grains.  From  the  experiment  wiihllieiutrjcqcid, 
vYiW^l^  was  twice  made,  it  follows  that  100  grim-,  ol  the  pusnidtiu 

'c^rfjon^te  of  soda,  if  pure,  would  contain  17  lb3  ^laijis,  i;if  i,ar 

'MW-C^'^^^-'  ■  /.I   i  >Jvf 

(  A%\i,..  op  grains  of  the  salt  were  dis,soIy6d^u)  y^^'iCj  ?J5tf[fi  ?P/ 
l,|ne.,  Bolntion  evaporated  lo  dryness,  Th§  p^irtW^  pf  fi^fi^ 
obtained  weighed  iJo'Sy  grains,  equivalent  to  12  991  gFama.  ot 

■.;..5Pg'^f>s  were  dissolved  in  sulphuric  acid  Thp  sjlahon  was 
^fivjapojated. to  dryness,  and  heated  to  redLit^s  mfh  bjnie  Ldibo 
bate  of  ammonia  to  get  rid  of  all  excess  of  acid  The  siilpbate  ot 
, soda  weighed  29'73  grains,  equivalent  to  1  j  J13  grams  ?oda 

We  cannot  employ  the  quantity  of  sulpnate  of  boda  obtiuted 
for  determining  the  quantity  of  soda  in  the  Ldrbunite,  because 
the  acid  employed  was  the  sulphuric. acid  of  conmjt  rpe,  %\nichis 
ne  e  qu'te  f  ee  f  om  lead  Tn  soda  '  -M  aranis  of  the  csirbo 
naede  mm  d  by  the  n  rate  s  12  9'51  grams  Hence  100  grs 
of  the  sal  con  a  n  25  982  gas  Iff  m  this  wt  subtract  the 
05'' gra  n  sodac  n  a  ned  tbe  c  9mm  n  salt  present  in  thp '-ilt, 
tj]e  e  w  H  ema  n  25  462  g  a  ps  of  od  the  comtitueut  of  'IS  7 
g  «t  ns  otpu  e    a  bona  e      Hepce  100  g  ams  contain  2b  1^1  grs 

Thti^  the  con      uen  s  of  the  salt  a  e  a   follows 

Ca  bon  c  ac  d  17-163  ot  B'66l 

Soda  26^97      4-0  ' 

Wale  66-920      8'824' 


The  sod      lumn  gi  es  the  atom  c  eqmialents  for  the  con- 
st tu  n         If         con   de     he  lo  a  a    cdrbonio  icid,  which  it 
an        1  L  ly      be  then  the  eq      al    it  fm  the  taibonic  acid 
fa     nb    h        ?bou    f^\i  less    Ian    he  wei    ht  of  al  atopi 
Tl     B    I       a  nallv  n  the  sta        f  sulphite      Itwasiion- 

ulphuret  by  heat  n^^  th  combustible   matter 

(         no    ]  1)      The  sulphu  et   h      forniedn'isdisbolie^in 

^  1  d  to  dryne  s  m  xed  w    1  saw  dost  and  exposed 

t  Dough   o  consume   1  e  saw  dust      Bj  this  'p'to- 

L        I        1[1  d  pen  aged  a   1       borne aod  tdkesits, place 

\)  a         oda  us  (Slv  coqU  a  a  ^sttioW  -^w^xii-a  o^  ^\&<^Wr, 
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of  soda^  owing  obriously  to  a  little  of  the  sulphur  being  acidified 
during  the  carbonating  process;  but  the  prismatic  carbonate 
contained  no  sulphuric  acid  whatever ;  neither  could  I  detect  in 
it  any  sulphur^  or  sulphuretted  hydrogen^  by  the  most  Plicate 
tests  that  I  could  apply.  It  remains^  therefore;  somewhat 
doubtful,  whether  the  small  excess  of  soda  perceptible  da  the 
preceding  analysis  be  owing  to  an  error  in  the  experiments,  or 
to  the  siaTt  containing  a  small  portion  of  hydrate  of  soda  mixed 
or  combined  with  the  carbonate. 

By  the  analogy  2-75  :  4  ::  17-283  :  25-136  =  soda  comblrifea 
with  carbonic  acid ;  and  by  subtracting  25-136  from  25-797,'  we 
obtain  0*659  for  the  caustic  soda  that  may  be  contained  in  l60 
grains  of  the  salt.  This  soda,  supposing  it  present,  will  be  in  the 
state  of  a  hydrate  united  to  0*185  water,  and  constituting  0'844 
grain  in  weight.  Subtracting  these  quantities,  we  have  17*283 
+  25-138  :  56-735  ::  6-75  :  9-027  =  the  water  united  in  the 
salt  with  6'75  of  anhydrous  carbonate  of  soda. 

I  am  rather  disposed  to  admit  an  excess  of  soda,  or  rather  thfe 
existence  of  a  little  hydrate  of  soda  in  the  salt,  because  consider- 
able pains  were  taken,  after  the  deficiency  of  carbonic  acid  Was 
observed,  to  determine  the  quantity  of  carbonic  acid  with  every 
attention  to  accuracy,  but  all  the  experiments  led  to  precisely 
the  same  result;  and  if  we  reckon  the  carbonic  acid  from  the 
nitrate  of  sdda,  we  obtain  almost  exactly  the  same  weight  of 
carbonic  acid  as  by  the  direct  method.* 

There  seems  no  doiibt,  from  the  preceding  analysis,  that  the 
^constituents  of  prismatic  carbonate  of  soda  (suppositig  it  puce) 
are, 

1  atom  carbonic  acid 2-76 

1  atom  soda. 4-0 

8  atoms  water •....#  d-0 

15-75 

*  It  was  shown  that  49*35  grains  of  the  pure  salt  lost  'by  heat  28*09  grains.  The 
remaining  21-26  graus,  when  decomposed  by  nitric  acid,  furnished  (12-991  —  0'26) 
12*731  grains  of  soda.     Hence  the  21*26  grains  must  have  been  composed  of 

Carbonic  acid 8*529 

Soda ,  12-731 


21*260 
Now  8*529  :  12*731  ::  4  :  2  666  =  carbonic  acid  united  to  4  soda  in  the  carbonate* 
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SMie  Investigations  respecting  the'  Nature  and  Bhendmeimof 
^  Fiam^  By  Mr.  John  Davies,  MWS^&c;&c.  LeMdteten 
'  Chemistty,  Sec*    (Communioated  by  the  Aoihor.)'    ''i;?i<-: 

T]^j^  ij^pprtant  researches  of  Sir  H.  t)avy  oa  tfie  n^^ijje.,pJid 
pnenoinena  of  flame  have  showu  that  the  sutjgct  j:}aipL^|a^ 
in^eresjting  speculatioii  with  practical  utility.  oinQ^  thepori*- 
trivanQe  of  ais  lanip,  and  the  pubUc^tipn  of  .hi3  ^^drpir^flJ!? 
investigations  connected  with  it,  the  inquiry,  which  Wd  '^e^ii 
pjceyipu^Iy  neglected,  has  excited  the  attention  which  ft  jaieri^s.. 
IXH^y^p  therefore,  presumed  that  an  a<?cQunt  of j^pfpe  fesHltjl 
which  r  have  obtained  on  the  subject  will,  like  my  jbrm^ij 


w^th  a  supporter  of  combustion. 

Th^  cause  of  inflammation  has  never  been  clearly  d^y^lopfsct^ 
It  h^s,  indeed,  been  ascribed  to  the  agency  of  electqqty;  h\f^ 
this  explanation^  which  is  rather  fanciful,  is  liable  tq .  tJie 
reproach  which  the  President  of  this  Society  applied^  in  piie  ojf 
his  late  lectures,  to  certain  hasty  and  fashionable  speculatipn^^ 
when  he  remarked,  that  we  are,  in  th^  present  day,  very  apt 
to  re(er  to  the  agency  of  electricity  every  thing  which  we  do 
not  understand. 

It  may,  however,  be  expedient  to  offer  here  a  brief  stateinejifc 
of  the  hypothesis. 

In  most  cases  of  inflammation,  hydrogen  is  the  burning 
body ;  and  its  combustion  is  effected  in  general  by  its  union 
with  oxygen.  When,  however,  hydrogen  is  the  only  combus- 
tible present,  the  inflammation  is  always  feeble  ;  and  in  order 
to  obtain  a  brilliant  and  powerful  flame,  carbon  seems,  in  or- 
dinary cases,  to  be  indispensable.  .     ». 

In  the  instance  of  a  common  candle,  the  hydrogen  and  part 
of  the  carbon  are  supplied  from  the  decomposition  of  the 
tallow ;  the  remainder,  which  must  be  a  venr  small  quantity, 
arises  from  the  wick,  and  the  oxygen  is  furnished  by  the 
atmosphere.  An  elevation  of  temperature,  such  as  is  pro- 
duced by  a  lighted  taper,  is  required  to  give  the  first  impulse 
to  the  combustion  ;  but  afterwards  it  goes  on  of  itself,  because 
the  candle  finds  a  supply  of  caloric  in  the  successive  quantities 
of  heat  which,  it  is  conceived,  result  from  the  union  of  the  two 
electricities  given  out  by  the  gases  during  their  combustion. 
This  explanation,  though  rather  gratuitous,  is  certainly  coun- 
tenanced  by  two  striking  facts  :   1.  The  principal  agents  in  the 

'    *  Read  before  the  lAtetsry  and  Philo9opMc«X  Sodety  oi'^\«sv^'(»'«t^^tv**5^\  A^^S^S^* 
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operation  are  known,  from  other  experiments,  to  be  in  opposite 
states  of  electricity ;  and,  2.  Flame  gives,  under  some  circum- 
stances, indications  that  electricity  is  developed  during  the 
changes  which  inflammation  produces. 

Respecting  the  nature  of  flame  there  are  two  opinions.  The 
first  is  that  of  Mr.  Sym,  who  has,  in  the  eigliih  volume  of  the 
Annals  of'  Fhilosophtf^  atteoipted  to  show,  that  fiame  is. capable 
of  being  truncated,    and  that  it  presents  only  a  :i»upe^ficial 

JrocesB-of  combustion.    The  other  opinion  is  that  of  ^/:.Ii. 
)avy,   who  conceives  that  "flame  cannot  be  regarded  i^Sr^- 
mere  ootxibustion  at  the  surface  of  contact  of  the  inflamiaable 
matter.'' 

These  opinions  are  manifestly  at  variance  with  each  otb<^*^ 
I.  shall  tequeat  your  attention  to  a  brief  examinatioa  of.the 
subjecli4  .  ? 

Mt«  S^m  ia  his  paper,  the  merits  of  which  have  been  most 
uita^CiP|uitably  overlooked,  has  described  some  very  amusing 
and  easy  experiments  in  illustration  of  his  opinion.  **  When  it- 
wire  gauze  of  the  requisite  fineness  is  held  horizontally  acrqfss 
the  flame  bf  a  candle,  the  appearance  is  not  that  of  repcessioiif. 
but  of  truncation.  The  part  of  the  flame  below  the  gauze  bas 
suffered  no  alteration  in  shape,  size,  or  intensity;  and  the  pait 
Dfhich  ought  to  be  above  has  simply  disappeared.  In  Ipo^ing-^ 
down,  therefore,  through  the  gauze  into  a  flame  thus  truncai§4it 
we  have  an  opportunity  of  examining  a  transverse  section  of 
it,  and  of  thus  inspecting  its  inside.     Now  it  is  immediately,: 

Sercefived  that  this  transverse  section  consists  of  a  narrovr- 
iminous  ring  surrounding  a  disk  which  is  not  luminous^  ^au^; 
though  the  obscurity  of  the  disk  may  at  first  sight  be  asQribe4i: 
to  the  blackness  of  the  wick«  seen  through  intervening  ^^va^^ 
it  will  be  discovered,  on  more  careful  exammation,  that  the  w^<^ 
occupies  only  the  centre  of  the  obscure  space,  which  ext^udSt  tQtf 
some  distance  around  it."  Mr.  Sym  therefore  contendS|  that 
"  the  oaly  conclusion  that  remains,  or  rather  the  direct  perpf^, 
tion,  Js,  that  the  lower  segment  of  the  apparent  £iE^ine,.|p^^ 
candle  consists  of  only  a  thin  superficial  filmed  irqal  flf^i^ir. 
which .  has  the  shape  of  a  cup,  surrounding  the  wicky:/^{)C^ 
closing  in  upon  it  below,   but  filled,  beside,    with  yolatijji^a, 

Mr.  Sym  has  given  some  interesting  modificatjp^as  .ofi,.)i|§{ 
experiments.  What  I  have  extracted  is,  however/ suffipi^t 
for  our  present  purpose.  Those  who  desire  moreinformaU^^ 
on  the^  subject  would  be  gratified  by  consulting  tb^  paper.CjSf, 
ferred  to.  ,.,, 

Sir  H.  Davy  states,  in  page  46  of  his  Researches,  that  V^.t^ 
flame  of  combustible  bodies  niay  in  all  cases  be  cons}d^^/as 
^/le  combustion  of  an  exp\o«\N^  mxxlvxt^of  inflammable  geis,  p|i) 
rapo  nr,  with  air.     It  canuot  be  le^^xdi^^  ^  ^  \afe\^  «:^\s^>^sii^isii&^ 
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at  the  surface  of  contact  of  the  inflammable  matter.  This 
fact,  he  adds,  is  proved  by  holding  a  taper,  or  a  piece  of 
burning  phosphorus,  within  a  large  flame  made  bv  the  com- 
bustion of  alcohol.  The  flame  of  the  taper,  or  ot  the  phos- 
phorus, will  appear  in  the  centre  of  the  other  flame,  proving 
that  there  is  oxygen  even  in  its  interior  part." 

The  statements  which  I  have  here  transcribed  appeicr  to  be 
irreconcileable  ;  I  therefore  thought  it  desimble  to  repeat  the 
experiments  mentioned  by  both,  as  the  only  way  to  arrive  ata 
fair  decision  with  respect  to  either.  •      .    - 

I  have  found  the  experiments  of  Mr.'Sym,  which  are^-so 
simple  as  almost  to  preclude  the  possibility  of  mistake,  to^or^ 
respond  precisely  with  what -he  ha«(  stateri.  A  piece  oi' ^ire 
gauze,  applied  in  the  manner  already  described^  showed  a^4iiiQ 
Him  of  flame  enclosing  a  mass  of  opaque  carbonaceous  nlatti0P;^ 
I  then  varied  tny  experiments  so  as  to  suboiit  tki^iHtkiii^dL 
carefvl  examination.  The  result  was  invariably  iqicoordaiaicd/ 
with  Mr.  Sym's  statements.  '        •-  '";^ 

I  have  also  repeated,  under  every  variety  of  cit^umstaiMsed' 
which  has  occurred  to  me,  the  experiments  of  Sir  H*  Davyi  ■>*■? 

By  enlarging  the  wick  of  a  common  candle,  and  introdbcihg- 
into  the  flame  smalt  pieces  of  phosphorus  and  of  sulphur,  oa 
the  point  of  a  needle,  I  soon  found  that  the  interior  of  ordiiiarjr 
flame  would  not  support  combustion. 

Similar  experiments  .were  made  in  the  flame  of  a  spirit  ktmp, 
and  the  same'  results  were  obtained.  .  A  small  portion  of 
phosphorus/  having,  accidentally  attached  itself  to  the  wick  of 
dhelamp,  retbained  there^fora  very  considerable  time,  and  wag 
not  bornl  uiitil  it  was  brought  to  the  edg^e  of  the  flame. 

Influeaced;^by  the  high  authority  of  Sir  H.  Davy,  I  have 
been  anxioh9' to'  conduct  tay  experiments  in  -such  a  way  as  to 
avoid,  as  far  als  I  hav^  beea  able,  the  possibility  of  exception. 

A  piece  of  phosphorus  w&s  placed  upon  a  sinall  wooden 
stand  in  a  Wedgwood  dish;  spirit  of  wine  was-tben  poured 
into  the  dish  in  such  a  manner  tnat  it  did  not  reach  the  phos- 
phorus. The  spirit  of  wine  was  now  lighted,  and  its  flame 
completely  enveloped  the  combustible  body.  In  the  course  of 
a  few  seconds  the  phosphorus  became  fluid,  and  remained  in 
that  state  upon  Uie  stand  ;  and  never  in  a  single  instance 
inflamed,  until  the  alcohol  was  consumed,  or  its  flame  extin- 
guished;  though,  in  several  instances,  the  spirit  of  wine  con- 
tinued to  burn  for  three  or  four  minutes.  The  phosphorus 
always  burst  into  a  vigorous  flame  when  the  spirit  of  wine 
was  extinguished ;  nor  was  the  combustible  power  of  the 
phosphorus,  as  far  as  I  could  judge,  in  the  least  impaired. 

Wnen  the  flame  of  the  spirit  of  wine  was  blown  upon,  so  that 
the  edge  of  it  came  in  contact  with  the  phosphorus,  the  phos- 
phoroA  i^amediately  burst  into  a  ftam^-,  W\.  \!w^  ^axfic^  ^'^a. 
Nem  Series,  vol.  x.  2  g 
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instantly  exCinguished^  and  the  boiling  resumed,  as  soon  as 
the  flame  of  the  alcohol  was  restored  to  its  natural  position, 
80  as  to  enclose  the  phosphorus.  It  would  hence  appear,  not 
only  that  the  interior  of  flame  ttrill  not  support  combustion, 
itiut  that  it  contains  no  oxygen. 

This  conclusion  is  furtner  countenanced  by  the  following 
lliddition  to  the  experiment.  The  extremity  of  a  common 
JMowpipe  was  introduced  into  the  flame  of  alcohol :  it  was 
founa  that  every  time  the  phosphorus  was  blown  upon, 
and  in  tbat  way  furnished  with  oxygen,  it  instantly  inflamed ;  but 
:it  was  again  extinguished  as  soon  as  its  supply  of  oxygen  was 
exhausted.  In  this  manner  the  phosphorus,  while  surrounded 
by  the  flame  of  alcohol,  was  itself  repeatedly  inflamed  and 
extinguished  in  the  course  of  two  or  three  minutes. 

That  the  interior  of  the  flame  of  alcohol  is  incapable  of 

supporting  combustion,  and  that  it  consequently  contains  no 

oxygen,  is  also  shown  by  ihe  following  experiment.    While  a 

piece  of  phosphorus,  about  the  size  of  a  pea,  was. in  the.  eentie 

of  a  flame  of  alcohol>  I  repeatedly  touched  it  with  a  tefl  ^.hot 

wi/e;  every  time  the  wire  e^me  in  contact  with  the  opa&biiur- 

tible  body,  there  was  a  slight  flash,  often  hardly  pereaptiUe ; 

but  the  phosphorus  never  entered  into,  combustion  until  the 

flame  of  the  spirit  of  wine  was  extinguished,  or  blown  aside  in 

such  ^.  manner  that  the  mere  edge  of  the  flame,  as  abeai^ 

fn^tioned,  should  touch  the  phosphorus. 

'    I  confess  that  I  had  some  hesitation  as  to  the  eorrectneas 

of  my  opinions,  upon  the  first  performance  of  tlus  experiofiiBRb; 

ibr  m  this  case,  the  combustion  of  the  phosphoruSy  theii||^ 

feeble  and  transient,  seems  to  indicate  the  presenoe  of  wygm* 

i  am,  however,  induced  to  beUeve,  that  tlie  oxygen  fWnich 

pceasioned  the  combustion  was  supplied  by  the  oxide  of  >  iron 

foi^f^ed  'by  heating  the  wire  red  hot.    If  the  quantity  of  osygen 

obt^eed  in  this  way  be  thought  small,  it  should  be  ffMolleetsd 

that  only  a  very  small  quantity  is  required  to  produce  the.^^lSb^l. 

/I  have  tried  several  combustible  bodies  besides  pthosphelrus, 

:and:the  result,  as  far  as  respects  the  general  principle,  hw*  baen 

!a.lway4  the  same.    A  wax  taper,  about  half  an  inch  leng'yt^iivas 

lighted  and  placed  upright  in  a  small  cup,  and  swrraundjedby 

aJiP/^hol ;-  as  soon  as  the  alcohol  was  lighted,  its  flame/envelopeid 

t)ie  taper,  carrying  away  the  flame  of  the  latter  in  ratb^  a 

singular  manner ;  nor  was  the  extinguished  taper  apparently 

aflecl^ed  doriug  the  operation  by  the  surrounding.  fliame«;.  .3t 

'f^^metimes  happened  uiat  when  the  fliame  of  the  alcobcil/^^as 

burnt  out^  the  flame  of  the  taper  would,  like  that  of  th^pJMMi^ 

ph.Qrus^  be  spontaneously  rekindled.  • .  ;  < ; 

:.  I'lt  i»  hardly  necessary  to  remark,  that  the  result  ofl  the  ex- 

perim^nts   which  I  bavt  Aft^ti5ae&>  «siA  of  Withers  ^whACtb  I 

might  have  stated,  appeata  to\>Q.«XN%.ivwiwxi\\J&:^vt^*'Si^^ 
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opinion  on  tbe  subject^  while  it  is^  at  the  same  time,  in  accord-^ 
ance  with  the  views  of  Mr.  Sym. 

From  the  nature  of  fiame^  as  explained  in  this  paper^  we  are 
enabled  to  assign  a  cause  fof  many  of  the  phenomena  <tf  com- 
bustion^ some  of  which  could  not  be  easily  accounted  for'  on 
fcnytf  other  prindple.  ''^ 

'  "4[%ie' great ^pow^r  of  the  Argand  burner  is  owing>  as^  iti  WiAl 
kiloWn/to  the  stream' o^  air  whioh  passes  up  the  Sameii*r'^i^ 
£llrt|flmjof  air  nearly  doubles  the  surface  of  the  flamfei^  a&d>'^ 
:^{io]i«:tta6-!priBciple  just  stated^  the  intensity  of  the  fiam^  iiH 
^'Wti2M9,^  cattris  pafiom,  in  the  same  ratio,  the  efiect  ift'only'thttt 
-^hit^niight  have  been  expected.  •  ^     .' 

>'  -  It  shfdws  us  why  combustion  is  comparatively  feebl^  in  varififed 
air :  for  in  this  case  there  is  a  deficiency  in  the  supfdy^f  the 
'Oxygen^' and  the  combustion  at  the  surfaoe  of  the  namte  itiust 
tee  laecordio^y  diminished.  We  see^  too,  a  reeuson  Ibt^thevi-* 
gdi^ltti^*  combustion  which  is  occasioned  by  introducitig  the 
burnfaig  body  into  oxygen  gas. 

V"  J  Same  of  the  researches  of  Sir  H.  Davy  might>  at  flpdt  view, 

-appear  to  militate  against  the  principle  which  is  here  applied  ; 

ibaee  he'  found  tbat^  in  an  atmosphere  so  much  rarified  as  to 

•ecfttingtiish  a  small  flame  of  hydrogen  gas,  a  large  flame  of  the 

«aEiit^"material  might  still  be  supported.    This  objection,  though 

\|»famBible,  may^  I  think,  be  easily  obviated.    The  languid  actioti 

of  the  small  flame  does  not  enable  it  to  make  use  ofthe  scanty 

'•tipply  of  oxygen;    but  the  increased  energy  of  the  larger 

flamd>  presents,  by  its  greater  heat  and  surface,  an  augmented 

iltAradtive  forc^  for  the  oxygen^  which  it  seizes  with  avidity  as 

h^Oglits  stny  remains. 

<ijt?^hen'ca,iidles  and  lamps  produce,  while  burning,  a  quantity 

'Of^sAioke)'' the  circumstance  is  owing  to  imperfect  combostioti 

-aiisikig  frotii  a  deficiency  of  oxygen.    If  the  lamp  or'  cat»ile 

4iy  this  state  be  put  into  a  vessel  containing  oxygen  gas>^e 

MilflBe  Will', ' f^r l>|>Tiods reasons;  Ve  no  longer  afibtdedy '>'^  f'  ^ 

^'^i'itii^  fe^nd  that  ga»  burners  are,  to  a  certain  pointy  tltp^ble 

o^vflig  a- '^eater' quantity  of  light,  in  proportion  td^  tbe  iiliifiber 

40#/h(deiri  nmrate  for  tlie  ^tnission  of  the  gas,  although  bey^hd 

jbiksit^ouit  tlve  illuminating  power  is  diminished.    The  fab^  >«fta)!r, 

•  i^  qemdeiv4^y  -  be  explained  upon  the  principles  which  >  'i  •  hsive 

attetfxipted  to  estabnsh;    By  increasing  to  a  certain  ejt|ei!it'^e 

^mberiof  perfbrations,  we  augment  the  external  sut^fao^^of'tte 

^Aame'^J^nd^^ therefore,  according  to  the  viefrs  of  Mr;  S^ite»,*Hite 

i©bitafei''**igrektel"'quanttty.  6f  light:    but  if  wre^^e«oie^ 'tb«t 

tmi^t  ofy  pe^ratieb^^  ■■  the  flames,  which^We^^  before  'diiKXmst, 

become  united,  and  form  orlly  "OfAe  flatficij  the  Surfece'  k)f  -Whiish 

•imi»tfoUt»ioUfi[ly'be<kss^  than'it  was  in  the  other  case^^-  aftdithe 

Jqdattii^y  ^fi  light'  will  ac^jordingly  b^,   by  theory,  - 'wteft*  *  w«e 

2  G  2 
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that,  as  t&Y  friend  Mr.  Saltoo  has  deteTmitied,  the  diameter  of 
these  perKirations  must  not  be  diminished  beyond  ""a  certain 
extent,  otherwise  the  flame  will  not  be  so  luminous  as  it  is 
when  they  are  of  the  ordinary  size. 

A.f)er  the  explanations  which  have  been  given  of  the  nature 
of  flame,  it  seems  easy  to  assign  a  reason  for  the  amazing 
power  of  the  oxyhydrogen  blowpipe.  In  this  instance,  the 
combustible  body,  or  hydrogen,  is  so  completely  supplied  with 
the  supporter  of  combustion  or  oxygen,  that  the  flame,  instead 
of  having,  as  in  ordinary  cases,  only  a  superflcial  film  of  in- 
Hammatiou,  is  a  solid  mass  of  fire.  The  cause  of  the  difier- 
ence,  therefore,  between  couunon  flame  and  that  of  the  oxy- 
hydrogen blowpipe  is  evident. 

'  The  common  blowpipe  may  also  be  explained  upon  the  same 
.principle.  The  power  of  the  flame  is  increased  by  the  intro- 
duction of  a  quantity  of  oxygen,  which  affords  a  thicker  cover- 
ing of  combustion.  Hence  the  reason  that  the  mouth  blow- 
pipe is  i^feiior  to  one  of  common  air ;  since  the  air  blown 
Jihr^ugQ^itAgntains  a  I^sb  p^'oportion  of  oxygen  than  is  contained 
'^^t)ie,^a^9  bulk  of  the  atmosphere. 

(,,,![' shall  n(it  lengthen  this  paper  by  adverting  to  any  otho- 
ji^pl^fil.tn^  ntay  be  suggested  by  a  consideration  of  the  prin- 
^pl^  .ly^iiq^t  it  has  been  my  object,  on  this  -     -  ■ 

lratq,9iM  i^Opfirm.        < 
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P&ihsophical  Transactions  of  the  Koyal  Society  of  London,  for 

.  ,llAyi^G  already  reprinted  one  of  the  papers  contained  in  this 
^art,,,pi,the  Philosophical  Transactions,  the  titles  of  which 
are  given  below,  in  the  Annals  for  August  last,  and  offered  some 
afl^ufjt  pf,  the  contents  of  four  others  in  our  reports  of  the 
^p(^i^edipg6  of  .the  Royal  Society,  hut  one  of  the  remaining 
(lo.tumiiniqaiiofts,  that  by  Mr.  Christie,  which  begins  the  volume, 
wjll  how  reijuire  to  be  noticed  at  any  length. 
,.  \\.,.,ij.n  i/iejijfeclsof  Tempeyatvre  OH  the  Lilemili/  of  Magnetic 
-,I^Oi'i^?-,fi  f"'A  C«  the  Diurnal  Vtiriation  of  the  Terrestrial  Mag- 

§iiU.en^i3..   By  S.   H.  Christie,   Esq.  HA.  of  the  RojffI 
.^fy'Aqja^niy;  conimuiiicated  by  the  President.  ^ 

r,  iCorj^tie  hag  already  distinguished  hiaiself  amOBg,  me 
JaJJfQijfsr^,  in  the  rich   field  of  philosopIiTcal  ruseajjcl^' ..^vjjf^ 
Mftgaetfsui  has.  Cor  somp  jea.tA  ^a.'s.t  aSwJ.^d.,.i^\  coua^ef^u^Me 
priucipailv  of  Piofessot  Oet&tei'a  i\t,tONevj  sjl  xHs,  \<^'i'«a'o&  \r. 
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riectricity  on  the  one  hand,  and  of  the  various  investigations  in 
Dure  magnetism  carried  on  by  Prof.  Hausteen  and  Mr.  Barlow 
«n  the  other ;  and  the  paper  now  before  us,  another  important 
''Contribution  to  our  knowledge  of  this  science,  will  still  further 
tend  to  establish  his  reputation  as  a  natural  philosopher. — It 
xommences  as  follows  : — 

"  In  the  paper  on  the  diurnai  deviations  of  the  horizontal 
needle  when  under  the  influence  of  magnets,  which  the  Presi- 
dent did  me  the  honour  to  present,  I  stated  that  these  deviations 
were  partly  the  effects  of  changes  that  took  place  in  the  temper- 
I    ature  of  the  magnets;  and  that  although  the  conclusions  which 
H,I  drew  from  the  observations  respecting  the  increase  anddecrease 
HWthe  terreslrial  magnetic  forces  during  the  day  would  not  be 
materially  affected,  it  was  my  intention  to  undertake  a  series  of 
experiments  for  the  purpose  of  detennining  the  precise  effects 
of  changes  of  temperature  in  the  magnets,  so  as  to  be  able  to 
free  the  observations  entirely  from  such  effects. 

"  These  experiments  were  immediately  made :  but  I  was 
induced  from  some  effects  which  I  observed,  to  carry  them  to 
■4r  greater  extent,  in  the  scale  of  temperature,  than  was  necessary 
for  the  object  which  I  had  at  first  in  view.  In  consequeHce  of 
liiis,  and  the  length  of  the  calculations  into  which  1  have  been 
obliged  to  enter,  theaccomplishment  of  my  purpose  was  delayed 
tbt  a  considerable  time,  and  continued  indisposition  has  Since 
prevented  me,  until  now,  completing  the  arrangement  of  the 
tables  of  results. 

"  In  the  present  paper,  I  propose  to  detail  the  experiments 
which  I  made  in  order  to  determine  the  effect  of  changes  of 
temperature  on  the  forces  of  tlie  magnets,  to  the  extent  to 
which  I  observed  their  temperature  to  vary,  during  my  observa- 
tions on  the  diurnal  changes  in  the  direction  of  the  needle,  when 
^u^dcxtheit  mflnenue;  to  apply  the  results  wht(^  I  obtaimedilo 
the  correction  of  the  observations  themselves,  thereby  account- 
ing for  the  apparent  anomalies  noticed  by  Mr,  Barlow  and 
'mfpelft  in  the  observations  made  in  doors'  and  in  'the'  oji^ii  "air ; 
'and  by  means  of  these  corrected  observations,  to  pdint  out'the 
^djiiirilal  Variations  in  the  terrestrial  magnetic  intensity."  '  "-  '  ■ 
^'' ^Having  found  it  impracticable  to  determine  purely  frojli 
rbliserVation  the  portion  of  the  arc  of  deviation  dine  tO'  the 
'6h!itlges  which  he  uoticed  in  the  temperature  of  the  ihag^ets, 
Mr.  Christie  was,  therefore,  under  the  necessity  of  hayShg 
'retjliura'e  to  theory;  and  he  adopted  the  simplest,  arid  tb^t 
^VH[ph  is,  most  generally  received,  viz.  that  the  forces  which  tvvo 
'^iigliet^  exert  upon  one  another  may  be  referred  to  txvo  ceiitr^fcs 
or  poles  in  each,  near  their  respective  ends ;  and  that  for  either 
■piiiein'.Bne  of  the  magnets,  one  pole  of  the  other  magnet  is  tirged 
'ttitvards  it,  and  the  Other  from  it,  by  forces  varying  niverfeelj';  as 
^^ife  squares  of  their  respective  distances  from  that  pble. '  - 
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After  tbis  statement  he  proceeds  to  explain  akid  exemplify  the 
application  of  the  theory  to  the  investigation  detailed  in  the 
paper ;  and  then^  describing  the  compass  and  magnets  made 
use  of  (the  verbal  description  bein^  illustrated  by  an  en^raying)| 
he  gives  the  subjoined  account  ot  the  mode  of  expenmenting 
adopted. 

*^  A  meridian  line  being  drawn  on  a  firm  table,  standing  on 
a  stone  floor,  the  compass  was  accurately  adjusted  on  it,  so 
that  the  needle  pointed  to  zero  on  the  graduated  circle.  The 
magnets  were  fixed  at  the  bottoms  of  earthen  pans,  secured  in 
such  a  way  to  rectangular  pieces  of  board  that  their  positions 
could  not  be  accidentally  changed,  and  projecting  from  these 
boards  were  small  pieces  of  brass^  on  each  of  which  a  line  was 
drawn  to  indicate  the  position  of  the  axis  of  the  magnet ;  the 
horizontal  distance  of  the  edge  of  each  of  the  projections  nearest 
to  the  needle  from  the  corresponding  end  of  the  magnet  within 
the  pan,  was  exactly  three  inches ;  I  could  therefore,  in  any 
instance,  determine  very  accurately  the  distance  of  the  centre  of 
the  magiiet  from  that  of  the  needle.  The  pans  were  placed  on 
the  table,  so  that  the  indexes  on  the  pieces  of  brass  coincided 
with  the  meridian  line.  Water  was  now  poured  into  the  pans, 
and  the  temperature  of  the  magnets  was  varied  by  varying  the 
temperature  of  the  water.  The  temperature  of  each  magnet  was 
ascertained  by  a  thermometer  placed  in  the  water,  with  its  bulb 
resting  on  that  pole  of  the  magnet  which  was  nearest  to  the 
centre  of  the  needle.  In  my  first  observations  I  however  made 
use  of  only  one  thermometer,  which  was  moved^  during  them^ 

from  one  magnet  to  the  other.'' 

#  #  #  «  «  «  # 

*'  The  observations  contamed  in  the  tables  were  made  thus  : 

I  first  noted  the  time and 

then  the  temperature  of  the  north  magnet ;  after  which  I  placed 
the  thermometer  on  the  pole  of  the  south  magnet;  I  next 
observed  the  westerly  point,  at  which  the  needle  was  held  in 
equilibrio  by  the  terrestrial  forces  and  those  of  the  magnets, 
slightly  agitating  the  needle,  that  it  might  the  more  readily 
assume  the  true  position  ;  from  this  it  was  led,  by  means  of  a 
very  small  and  weak  magnet,  held  on  the  outside  of  the  com- 
pass-box, towards  the  easterly  point  of  equilibrium,  which  was 
observed  in  the  same  manner  ;  and  from  this  it  was  led  in  the 

same  way  to\Mards  the  southerly  point After  these 

observations  of  the  points  of  equilibrium,  the  temperature  of  the 

south  magnet  being  observed^  the  time at 

which  the  obseirvations  concluded,  was  noted.  The  temperature 
of  the  water  m  the  pans  'was  now  increased  or  diminished, 
according  to  circumstances,  by  the  addition  of  other  vi^ater,  and 
tbefphimieav^Ttd  over ^.to^xeti^ut  any  ra^id.chapigf(«  .gf^ ^V^fiV" 
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tfae  magseta  to  acqaire  the  temperature  of  the  water,  the  obser- 

TRtiont  were  repeated.  ..' .The  scale  made  use  of. 

for  the  tempwature  wu  io  all  caves  that  of  Fahreoheit." 

From  the   results  of  the  obBervatioas  given  ia  the  tables 
<les<»ibed  in  the  paragraph  last  quoted,  we  extract  the  following : . 

"  Tablet  of  the  Magmlic  Interuities  corresponding  to  difftrenl 
Temperatures  of  the  MagMtt.    6th  June,  IS^. 


Mean  temper. 
Bture  of  the 
■nagneu. 


DilT.  of  temp, 
in  Buecesaive 
obaervatidDS. 


59'05 
77-65 
14-00 
10-6S 
87-15 


Magnetic     i 


212-66S0 
«1?'9483 
2I0-6S28 
810-U892 
811-4178 
S1I-8S53 
213-8167 
818-1040 


O'lOOl 
0-1279 
0-1193 


7th  June,  1823. 


Ineui  teinper. 
ature  of^the 
magnetE 


Diff.  of  temp. 

obAerrHtioas. 


Sn-9209 
311-3907 

810'8S4» 
el2-S48» 


-forloFall. 
F 


0-(059i 

■  o-i3n  ■ 

0->I»ll):i 


Mean  temper. 

-tdre  of  the 
nugnets. 

Diff.  of  tenp. 
in   MiTMMlve 

Magnetic    in. 
tenotjr  oiva- 

VarlatkifJbF 
1-forVFai,. 

68-81P 
■  '    6-VB5 

-  1-T3 

818-5687 
318-7869 

sn-soi* 

9tV90¥t.- 

S<MH 

'SSbhi^'^liatn^It!^'  ohssHed  )>^  Mr.  Badotr  betweeti  tbedtiiljr 
ch^ngea'iir  tHe  diiSot'ftd'Crf  a  neecBfl  VrlMtL  ^actdtiau«li»Jiow« 
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and  when  in  the  open  air,**  which  Mr.. Christie  also  noticed^  and 
stated^  in  a  former  paper^  his  opinion  that  they  had  arisen  from 
the  difference  in  the  changes  of  temperature  in  the  magnets  in 
the  two  situations^  are  next  investigated  in  the  memoir  before 
us;  observations  on  the  temperature  of  the  magnets  having > 
been  made  in  the  open  air^  corresponding  to  those  made  in  doors. 
We  select  the  subjoined  tables  from  among  the  results  of  this 
branch  of  Mr.  Christie's  inquiry: 

Mth  and  18^A  June^  1 823. 


Mean  temper- 
tare  of  the 
magnets. 


49-300 

60-25 

68-25 

74-60 

61-75 

73-80 

55-58 

6600 

73-60 

56-90 


Diff.  of  temp, 
in  successive 
observations. 


+  10-95 
+  8'00 
+  6*35 
-12-85 
+ 12-05 

+ 10-42 
+  7-60 
-16-70 


Magnetic    in- 

tentdty,  or  va- 

F 
lue  of  -rr. 
.    M 


Variation  of 

^  for  P  Fah, 
M 

F 
or  A  ,  — -. 
M 


2240981 

222-8171 

221-7046 

220*'7I98 

222-3967 

220-8778 

222-6462 

221-2655 

220-1532 

222*5145 


0-1179 
01391 
01551 
0-1305 
0-1260 

01315 
0-1461 
0-1314 


mh,  mhy  20th,  and  22d  June,  1823. 


Mean  temper- 
ature of  the 
magnets. 


65-400 

73  80 

55-40 

55-45 

64-30 

73-90 

64-28 

55-55 

6515 

66-75 

50-65 

55*80 

51-85 

57*20 

54*08 

61*35 

55*94 


Diff.  of  temp 
in  successive 
observations. 


+  18*40 
-18-40 

+  8*85 
+  9-60 

—  9-62 

-  9-73 

+  11-60 

+  515 

—  4-45 

+  5*85 

-  2-73 
+  4-59 


Magnetic    ^- 

tensity  or  va 

F 
lue  of-—. 
M 


222-8859 
220*6103 
222-9113 
222*5640 
221*4144 
220*0549 
221-3962 
222*4610 
222-7217 
221-3013 
2229322 
222-3848 
222*8660 
222*2080 
222-6974 
222*9263 
222*4377 


Variation  of 

^  for  1"  Fah. 
M 

F 
or  A  .  —p. 
M 


0-1237 
0-1251 

0*1299 
01415 
0-1394 
0-1220 

0-1224 

01063 
0M059 
0-1125 

a- 1203 
0-1064 


*  These  anomalies  are  described  by  Mr.  B.  in  his  papqr  on  the  daily  variation  of  the 
borizoDtal  and  dipping  needles  undet  ETCdNLce^  ^\xec\iN%^^cx^  of  which  an  abstract 
gjveii  in  the  ^Jinaii  for  Maxdk)  \B%4.  \ 


1825.]      Philosophical  Transactions  for  1825,  Part  L         467' 

A  double  series  of  observations  on  the  diurnal  changes  in  the 
positions  of  the  points  of  equilibrium  at  which  a  magnetic  needle 
was  retained  by  the  joint  action  of  terrestrial  magnetism  an4  of 
two  bar  magnets^  having  their  axes  horizontal  and  in  the  mag-* 
netic  meridian^  and  their  centres  at  the  distance  21*21  inches 
from  the  centre  of  the  needle,  afford  by  correction  and  calcula* 
tion  the  following 

Tables  of  the  mean  Terrestrial  Magnetic  Intensities  at  different 

Hours  during  the  Day. 

1.  From  observations  made  within  doors. 


« 

Mean  of  the  observations  of 

Mean  of  the  observations  of 

Mean   of   the 

don. 

May  22,  23, 

,  24,  25,  26. 

May  27,  28. 

,  29,  30,  31. 

two  sets. 

Azimuth  of 

Terrestrial 

Azimuth  of 

Terrestrial 

Terrestrial 

s» 

the  points  of 

magnetic  in- 

the points  of 

magnetic  in- 

magnetic in- 

equilibrium. 

tensity. 

equilibrium. 

tensity. 

tensity. 

6h  GO"* 

810  27-3' 

1'00175 

8lo  56-9' 

100170 

1*00173 

7     30 

82     19-9 

1-00100 

82    27-4 

1-00128 

1-00114 

9    00 

83     13-9 

1-00031 

83    33-6 

1-00046 

1-00039 

10    30 

83    40'5 

100000 

84     162 

1-00000 

100000 

Noon. 

82    22-8 

1-00096 

83    40-3 

1-00038 

1*00067 

I     SO 

81    43-5 

1*00151 

82    39-5 

1*00112 

1-00132 

3     00 

81     291 

1-00173 

81     57-2 

100170 

1-00172 

4    30 

81    n-5 

1-00199 

82     10-8 

100151 

1*00175 

6    00 

81     17-7 

1-00190 

81     41-7 

1*00192 

100191 

7     30 

81     00-9 

1-00216 

81     20-5 

1-00224 

1-00220 

9    30 

80    52-6 

100229 

81     14*5 

1-00233 

1-00231 

11     80 

81     19-7 

1-00225 

1*00225 

<*  From  the  mean  obtained  here,  it  appears  that  the  terrestrial, 
magnetic  intensity  was  the  least  between  10  and  1 1  o'clock  in 
the  morning,  the  time,  nearly,  when  the  sun  was  on  the  mag- 
netic meridian ;  that  it  increased  from  this  time  until  between 
9  and  10  o'clock  in  the  evening;  after  which  it  decreased,  and 
continued  decreasing  during  the  morning  until  the  time  of  the 
minimum." 

2.  From  observations  made  in  the  open  air. 


Mean  of  the  observations  of 

Time  of  obser- 

June 20,  21,  22. 

vation. 

Azimuth  of  the  point  Terrestrial  magnetic 

of  equilibrium. 

intensity. 

• 

Oh  00™ 

79    30*0 

1*001 12 

7     30 

79    51*7 

1*00061 

9    00 

80    24-7 

1*00028 

10    SO 

80    42*2 

1*00001), 

Noon 

80    32-7 

1-oogi*/ 

1     30 

79     23*0 

- h00W4 

S     00 

78    63*2 

1*00188 

..  ij  ii  i'  JLi-i.-.'  .■  '4'  -30'" 

^-■■-.■i  ^«  ■■34*8-.'-  ■:'■ 

■•-■'■■  •■■■'•  1*00223 '■^■■"■•'f'-'  '>cviiT  * 

ii*.iu^d*  nL  ii  ••!  ■  $    00'^-    i 

J^l'-J-M  '^&>^    ■ 

'■'-'  ^'"'■'l'«0O85l!'''''  "'''^  liJTru»^nC'J 

7    so 

78    26'5'' —  -   V^''-^^^  •«WMWW^«  ^^^^  "*  n^M\>tM- 
78    4^-3          \           VWlQi^ 

9    00 
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**  From  these  it  appeain^  that  the  minimum  intensity  happened 
nearly  at  the  time  the  sun  passed  the  magnetic  meridian^  and 
rather  later  than  in  May^  which  was  also  the  case  with  the  time 
of  the  sun's  passage  over  the  meridian  '*  the  intensity  increased 
vntil  about  six  o'clock  in  the  afternoon,  after  which  time  it 
appears  to  have  decreased  during  the  evening,  and  to  have  been 
decreasing  from  an  early  hour  in  the  morning. 

"  The  general  agreement  of  these  intensities  with  those 
di^duced  irom  the  observations  made  in  doors,  is  as  near  as 
cduld  be  expected,  considering  that  an  interval  of  twenty  days 
had  elapsed  between  the  two  sets  of  observations.  From  this, 
and  the  agreement  in  the  manner  in  which  the  westerly  and 
easterly  points  of  equiUbrium  approach  and  recede  from  the 
north  in  the  two  cases,  which  I  have  before  pointed  out,  we  may 
conclude,  that  there  is  nothing  anomalous  iif  the  action  which 
titoes  place  on  the  needle  under  the  different  circumstances  of 
ite  being  placed  in  doors  or  in  the  open  air ;  and  that  the  apparent 

^  *■  The  diurnal  Tariation,  both  in  the  direction  of  the  needle  and  in  the  magnetic 
intsnsitj,  appears  to  have  a  reference  to  the  position  of  the  sun  with  regard  to  the  mag- 
netic meridian ;  it  is  therefore  probable,  that  the  sun  is  the  principal  cause  of  both  th^ 
phenomena.  The  circumstance  of  the  situation  of  the  magnetic  pole  in  what  appears 
to  be,  independent  of  elevation,  the  coldest  region  of  the  globe,  supported  asit  is  by  the 
fact  of  a  diminution  of  temperature  causing  an  increase  of  magnetic  intensity^  would 
lead  us  to  infer,  that  the  effect  produced  by  the  sun  is  principally  to  be  attributed  to  the 
heat  developed  by  it ;  but  should  any  periodical  effects,  corresponding  to  the  time  of 
the  sun^s  rotation  about  its  axis,  be  observable  in  the  diurnal  variation,  we  must  sup- 
pose ihat  the  sun,  like  the  earth,  is  endued  with  magnetism,  and  look  for  a  cause  of  tins 
magnetism,  common  to  all  the  planets.  BeiAg  engaged  more  than  two  years  ago  in 
making  some  experiments  on  the  effects  produced  on  the  needle  by  unpolarized  iron,  I 
discovered  that  a  peculiar  polarity  was  imparted  to  the  iron  by  simply  making  it  revolve 
a^utan  axis ;  and  this  naturally  suggested  the  question  to  me,  whether  the  magnetism 
of  the  earth,  and  consequently,  that  of  the  other  planets  and  the  sun,  might  not  be 
owing  to  their  rotation  ?  From  the  effects  which  I  have  observed  to  be  produced  on  iron 
1^^4t6  rotation,  it  appears  probable,  if  the  magnetism  of  these  bodies  be  not  caused  by 
iheir  rotation,  that  at  least  the  effects  will  be  modified  by,  and,  to  a  certain  extent, 
d^eadent  on  such  rotation.  Since  first  observing  the  fact,  that  simple  rotation  wiU 
cause  a  peculiar  polaiity,  if  I  may  be  allowed  the  expression,  in  iron,  I  have  made  a 
great  variety  of  experiments  on  the  subject,  which  have  enabled  me  to  trace  the  laws 
according  to  which  this  polarity  in  the  iron  affects  a  magnetic  needle,  independently  of 
the  effect  produced  by  the  mass.  It  would  lead  me  to  too  great  a  length  here  to  state 
the  several  effects  that  are  produced  by  the  rotation  of  iron,  or  the  laws  which  govern 
them ;  but  I  will  briefly  mention  one.  Let  us  imagine  a  plane  to  pass  through  the 
centre  of  a  horizontal  needle,  at  right  angles  to  the  meridian,  and  making  an  angle 
with  tke  horizon  equal  to  the  dip ;  then,  if  the  plane  of  a  circular  plate  of  iron  coincide 
with  this  plane,  and  the  plate  be  fixed  on  an  axis  passing  through  its  centre  at  right 
angles  to  its  plane,  so  that  it  can  be  made  to  revolve  in  its  own  plane,  the  direction  of  the 
needle  will  be  different,  according  as  the  several  points  of  the  plate  are  brought  into  any 
particular  position  by  making  it  revolve  in  one  direction  or  the  opposite,  excepting  in 
four  positions  of  the  centre  of  the  plate.  If  the  centre  of  the  plate  be  successively  placed 
to  the  east  or  west  of  the  centre  of  the  needle  in  the  same  horijcontal  line,  and  over  the 
needle  in  the  plane  of  its  meridian,  then  the  deviation  of  the  needle  due  i»  therottttioii . 
of  the  plate  will  be  in  contrary  directions  in  the  two  cases,  the  plate  rev/Olvisg  jn  the  a(up^ 
dUec^ifQin  in  both.  These  and  other  peculiar  effects  arise  entirely  ftom  the;  rotadpi^  .of 
the  iron,  And  are  not  produced  by  ahy  friction  on  t^e  axis.  As 'me  "^effects  4re  not  very 
eo^^aJbTe,  to  render  them  cotis^odows  \t  is  tveceteaty  te  makb  nse  6f  «  pUta^  ligktbeh 
xnobe^j^.^metcr,  ^d  to  .^ate  ite  «iKtxe  ^tJam  soA^ea  \Si€>MA^|^^  ^>J5fc  ^eo^t  ^If 
the  needle  is  under  Uie  iit^uence  of  magneU^  ac&'m  ^^iQ\^^\Ek%<a^)i^^t^^^ 
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anomaly  in  the  directions  of  the  needle  in  the  two  cases,  which 
was  observed  by  Mr.  Barlow  and  myself,  arose  from  the  cause 
which  I  have  assigned  for  it  in  my  former  paper;  namely,  the 
difference  in  the  cnanges  of  temperature  in  the  magnets  when 
in  doors  and  when  in  the  open  air. 

<^  The  diurnal  changes  in  the  terrestrial  magnetic  intensity 
have  been  determined  by  Professor  Hansteen,-  by  means  of  the 
vibrations  of  a  needle  delicately  suspended.  From  these  obser- 
vations it  appears,  that  in  general  the  time  of  minimum  intensity 
was  between  ten  and  eleven  o'clock  in  the  morning ;  that  the 
maximum  happened  between  four  and  seven  for  the  month  of 
May,  1820,  and  about  seven  o'clock  in  the  evening  for  the 
month  of  June.  The  intensity  which>  in  these  observations,  is 
taken  as  unity,  is  that  deduced  from  an  observation  made  during 
an  aurora  borealis^  but  for  the  purpose  of  comparison,  I  have, 
for  the  months  (j(  May  and  June,  taken  the  intensity  deduced 
from  his  observations  at  10^  30"  in  the  morning  as  unity, 
reduced  the  intensities,  which  he  gives  for  other  times  in  the 
day,  to  this^^tandard,  and  placed  them  in  the  following  table, 
with  the  corresponding  intensities  deduced  from  my  own  obser^' 
vations. 


Intensity  deduced  from  Hansteen^s 
observations  in  1820. 

■        ■■  H' 

Intensity  deduced  from  the  preceding  ■ 
observations  in  1823. 

Time. 

May. 

June. 

Time. 

May. 

June. 

Slk  00»  a.m. 
lO    30 

4    00   p.m. 

7     00 
10    30 

1-00034 
1-00000 
1*00299 
1-00294 
1-00191 

1-00010. 

1-00000 

1-00251 

1-00302 

1-00267 

7h  30™  a.  m. 
10    30 
4    SO    p.m. 
7     30 
9    30 

1-00114 
1-00000 
1-00175 
1-00220 
i -00231 

1-00061 
1-00000 
1-00223 
1-00239 
1-00209 

'*  The  principal  difference  to  be  observed  in  the  nature  of  the 
changes  of  intensity  during  the  day,  in  the  two  cases,  is,  that 
from  my  observations,  the  intensity  appears  to  decrease  more 
rapidly  in  the  morning,  and  increase  more  slowly  in  the  after- 
noon, than  it  does  from  those  of  Professor  Hansteen ;  but  the 
general  character  of  these  changes  is  as  nearly  the  same  i^s  we 
can  expect  from  methods  so  different,  at  different  times,  atid  at 
places  where  both  the  variation  and  dip  of  the  needle  are 
different.  My  object  however  was,  to  point  out  what  might  be 
deduced  from  a  series  of  such  observations  as  I  have  detailed, 
rather  than  to  compare  the  results  deduced  from  them  with 
those  obtained  by  others,  for  which  purpose  it  would  have  been 
itee'tawaiY"  to  have  continued  them  for  a  greater  length  of  time. 

,**;  \Ve  hdv^  seen  that  with  the  magnets  I  made  use  of,  their 
inteoaiiyib^ing  nearly  218  M,  at  the  temperature. 60?,  a  change 
iil^  tbeii^teffii^i^i^^  would  cause  a  ehan^e  of  (intensity 'of 


I 
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0*123  M ;  or  taking  the  intensity  of  the  magnets  1,  for  each 
degree  of  increase  in  temperature  we  should  have  a  decrease  of 
intensity  of  0-000564.  Now  if  the  same,  or  nearly  the  same, 
take  place  with  all  magnets,  it  is  evidently  necessary,  in  all 
caqes  where  the  terrestrial  magnetic  intensity  is  to  be  deduced 
from  the  vibrations  of  a  needle,  that  great  care  should  be  taken 
to  make  the  observations  at  the  same  temperature  ;  or,  the  pre- 
cise effect  of  change  of  temperature  having  been  previously 
ascertained,  to  correct  the  observations  according  to  the  differ- 
ence of  the  temperatures  at  which  they  were  made.  I  am  not 
-aware  that  any  one  has  yet  attempted  to  make  such  a  correction; 
bnt'it-is  manifest  from  the  experiments  I  have  described,  that  it 
is  indispensible,  in  order  to  deduce  connect  results  from  the  times 
"ofvibrationof  aneedle  in  different  parts  of  the  earth,  where  the 
temperatures  at  which  the  observations  are  made  are  almost 
-necessarily  different,  that  these  temperatures  should  be  regis- 
■tered^  and  the  times  of  vibration  reduced  to  a  standard  of  tem- 
perature: It  appears  to  me,  that  the  effects  will  be  the  moSi 
seosiWe  in  large  and  powerful  needles;  and  consequently,  in 
waking  ii^e  of  Such,  the  reduction  for  a  variation  of  temperature 
will  be  most  necessaiy.  There  would  be  no  difBculty  in'  this 
reduction,  if  we  could  give  in  terms  of  the  intensity  of  any  mag- 
net the  increment  or  decrement  of  intensity  corresponding  to 'a 
carlain  decrement  or  increment  of  temperature  et  all  temp«>ra- 
tures.  To  determine  this  accurately  would  however  require  a 
great  variety  of  experiments  to  be  made  with  magnets  of  very 
ilifferent  intensitie» ;  but  as  I  have  not  made  these,  I  mnst  iCfon- 
tent  myself  for  the  present  with  pointing  out  some  of  the'febt^ 
which  1  have  ascertained  froui  more  extended  experimetttS'  Ihttn 
those  i  have  already  given,  reserving  tht  detail  of  these  espHr- 
jUttOtwfoi'  another  opportunity,  should  they  be  deemed  of  tilffi- 
oiSrit Interest.  -     -■   ■    '  i  .-■' 

~|  AiTbfese.eltpCTimehta  were  made  with  a  balance  offoi'Sidtf,'ttife 
needle  being  suspended  by  a  brass  wire  -^  inch  ih  dfeiiWSBfl* 
fcyfh^-l'ftScertained  the  following  facts:  ''  ■'■'"'    '" 

"inmtlj^ionimencmg  with  a  temperature  —  3°  Fahretilleit,  4<fi 
ta'lti  .t^mi^ratui^  137^  as  the  temperature  of  the  ilia|"B¥tS 
itKii'^a9ed,'their  intensity  decreased.  Owing  to  the  almos*  t®(iBa 
^bsenfee'of  snow  during  the  winter,  1  was  unable  to  rtdU&e 
lower  the  temperature  of  the  large  magnets  which  !  made  os^'flf^, 
but 'from  an  experiment  I  made  at  the  Royal  InstituiiOii;-yfe 
CoHjimction  with  Mr.  Faraday,  in  which  a  small  magnet,  etlvel- 
■loped  in  lint  well  moistened  with  sulphuret  of  carbon,  wa3  plaeftd 
on'the  ed^es  of  a  basin  containing  sulphuric  acid,  unde^'^iht 
'«ce(veV  of  an  ait'  pump,  I  found  that  the  intensity  of  the  ntiagaet 
iWGTeased  to  the  lowest  point  to  which  the  temperature'  iwts 
Kduced,  and  that  the  intensity  decreased  on  the  admiS^oH  W 
■■-mr  itito'the  receiver,  and  conaequfcnt  increase  of  lemperattifti  "it 
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the  magnet.  This  is  in  direct  contradiction  to  the  notion  which 
has  heen  entertained  of  destroying  the  magnetism  of  the  needle 
by  the  application  of  intense  cold. 

"  2,  With  a  certain  increment  of  temperature,  the  decrement 
of  intensity  is  not  constant  at  all  temperatures^  but  increases 
as  the  temperature  increases. 

'*  3.  From  a  temperature  of  about  80^  the  intensity  decreases 
very  rapidly  as  the  temperature  increases :  so  that,  if  up  to  this 
temperature,  the  differences  of  the  decrements  are  nearly  con- 
stant, to  ascertain  which  requires  a  precision  in  the  experiments 
that  perhaps  their  nature  does  not  admit  of,  beyond  this  temper- 
ature, the  differences  of  the  decrements  also  increase.  • 

"  4.  Beyond  the  temperature  of  100°,  a  portion  of  the  power  of 
the  magnet  is  permanently  destroyed. 

'*  6.  On  a  change  of  temperature,  the  most  considerable  por- 
tion of  the  effect,  on  the  intensity  of  the  magnet,  is  produced 
instantaneously ;  showing  that  the  magnetic  power  resides  on 
ox  very  near  tne  surface.  This  is  more  particularly  observable 
when  the  temperature  of  the  magnet  is  increased,  little  change 
of  intensity  taking  place  after  the  first  effect  is  produced  ;  ,on 
the  contrary,  when  the  temperature  of  the  magnet  is  diminished, 
although  nearly  the  whole  effect  is  produced  instantly,  yet  the 
magnet  appears  to  continue  to  gain  a  small  power  for  some 
time. 

''  6.  The  effects  produced  on  unpolarized  iron  by  changes  of 
temperature  are  directly  the  reverse  of  those  produced  on  a 
magnet ;  an  increase  of  temperature  causing  an  increase  in  the 
inagnetic  power  of  the  iron,  the  limits  between  which  I  observed 
being  60°  and  100°.  That  the  effect  on  iron  of  an  increase  of 
tennperature  should  be  the  reverse  of  that  produced  on  a  magnet, 
is,  1  think,  a  strong  argument  against  the  hypothesis,  that  the 
action  of  iron  upon  the  needle  arises  from  the  polarity  which  is 
communicated  to  it  from  the  earth. 

"  It  may  be  objected  to  the  method  which  I  have  adopted 
for  determining  tne  diurnal  changes  in  the  terrestrial  magnetic 
intensity,  that,  after  the  observations  have  been  made,  they 
require  a  correction  for  temperature,  which  can  only  be  deter- 
mined by  experiments  previously  made  on  the  magnets  and 
needle  employed.  The  same  objection  may,  however,  be  made 
against  the  method  of  determining  the  intensity  by  the  vibra- 
tions of  a  needle.  As  such  a  correction  has  not  in  the  latter 
case  been  hitherto  applied,  the  results  which  have  been  obtained 
relative  either  to  the  diurnal  changes  of  intensity,  or  the  intensi- 
ties in  different  parts  of  the  earth,  by  means  .of  observations  on 
thj^  vibrations  of  a  needle,  will  be  so  far  incorrect  as  the  needle 
BSi^y.  happen  to  have  been  affected  by  differences  in  the  temper- 
sti^re*  The  method  I  have  described,  ,4)owever,  possesses 
advantages  over  the  other :  a  very  considerable  one  is,  that 
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whatever  effects  are  produced  may  easily  be  observed  with  con> 
Hiderable  precision^  the  time  required  for  each  observation  being 
not  more  than  five  minutes  ;  another  is^  that^  the  magnets  being 
immersed  in  water,  as  far  as  regards  themi  we  may  command 
the  temperature  at  which  the  observations  arc  to  be  made,  and 
thus  limit  the  correction  for  temperature  to  a  very  small  quann 
fity ;  and  it  possesses  another  decided  advantage,  that  whatever 
€ure/the  effects  produced  on  the  needle  by  atmospheric  changes^ 
they  are,  by  means  of  it,  rendered  immediately  visible,  and, cam 
ile  obs^rvea  as  they  occur." 

.  >  IL  The  Ctooniau  Lecture.  On.  the  Existence  of  Nerves  iuJhi 
Piacenta.  By  Sir  E*  Home,  Bart.  VPRS.  (See  Anuals  toe 
Januavy  last.) 
'III.  Observations  on  tJie  Changes  the  Ovum  of  the  Frogunden- 
goes  during  the  Formation  of  the  Tadpole.  By  the  same  Author. 
•  ^'  In  the  year  1822,"  Sir  Everard observes,  ''I  laid bef&re.the 
Society  a  series  of  observations  on  the  progress  of  the  formation 
efthie  chick  in  the  egg  of  the  pullet,  illustrated  by  drawmgs 
irom  the  pencil  of  Mr.  Bauer,  showing  that  in  the  ova  of  ho^ 
blooded  animals,  the  first  parts  formed  are  the  brain  and  spioal 
marrow.  I  have  now  brought  forweuxl  a  similar  sei<ieft  on  the 
jirogress  of  organization  in  the  ova  of  cold-blooded  anifisals, 
illustrated  in  the  same  manner  by  microscopical  drawings  made 
by  the  same  hand." 

By  comparing  together  U>e  first  rudiments  of  organization 
in  the  ova  of  these  very  distinct  classes  of  animals,  he  shows 
that  in  both  the  same  general  principle  is  employed  in  r  the 
.fonBation  of  the  embryo,  although  the  respective  ova'  are 
not  composed  of  similar  parts.  Those  of  the  trog,  whiobiheine 
iMen  selected  for  this  investigation,  being  found  to  have/ no 
yeikd  '- 

^    iVv  A  general  Method  of  calculating  the  Angles  made  ~by  luty 
Planes  oj  Crystals^  and  the  Laws  according  to  which  ih^  fire 
formedf    By  the  Rev.  W.  Whewell,  FRS.  Fellow  «f  Tyihity 
XDoU^ge^  Cambridge.  ^ -  r 

V  '^'It  hasibeen  usual,"  Mr.  Whewell  states  in  thecommeqee- 
^ment  of  this  paper,  ^^  to  calculate  the  angles  of  crystals  wid 
'their  laws  of  decrement  from  one  another,-  by  methods  whio^ 
were  different  as  the  figure  was  differently  related  to  its  nuclensi; 
which  were  consequently  incapable  of  any  general  expressioB  or 
inrvestigfttion,  and  which  had  no  connexion  with  the  notation  by 
which  the  planes  of  the  crystals  were  sometimes  expressed. 
And  the  notation  which  has  hitherto  been  employed^  btfsidte 
being  merely  a  mode  of  registering  the  laws  of  deci«ment, 
without  leading  to  any  consequences,  is  in  itself  very -inelegant 
an4  imperfect.  The  different  modes  of  decrement  are  e»preisi|ed 
«by  means  of  different  arbitrary  symbols ;  and  these  are  combined 
jn  a  manner  which  in  some  cases^  as  for  instance  in  that;  of  inteY- 
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mediary  decrements,  is  quite  devoid  both  of  simplicity  and  of 
uniformity,  and  indeed,  it  may  be  added,  of  precision.  The 
object  of  the  present  paper  is  to  propose  a  system  which  seems 
exempt  from  these  inconveniences,  and  adapted  to  reduce  the 
mathematical  portion  of  crystallography  to  a  small  number  of 
simple  formulee  of  universal  application.  According  to  Jthe 
method  here  explained,  each  plane  of  a  crystal  is  represented'hy 
a  symbol  indicative  of  the  laws  from  which  it  results ;  tho^sym^ 
bol,  by  varying  the  indices  only,  may  be  made  to  represent  ttB^ 
law  wnatever :  and  by  means  of  these  indices,  and  oftheprimary 
angles  of  the  substance,  we  obtain  a  general  formula^  oxpreasing 
the  dihedral  angle  contained  between  any  one  piane  iefiulttng 
from  crystalline  laws,  and  any  other.  In  the  same  manBer  inre 
can !  find  the  angle  contained  between  any  two  edges  oifiJthe 
derived  crystal.  Conversely,  knowing  the  plane  or.  vdibedr^ 
angles  of  any  crystal,  and  its  primary  form,  we  can  by  a  direct 
ftod  general  process  deduce  the  laws  of  decrement  according  to 
-which  it  is  constituted.  The  same  formuloB  are  capahleiof  biaii^ 
applied  to  the  investigation  of  a  great  variety  of  propeitiea  m 
erysAals  of  vaiious  kinds,  as  will  be  shown  in  the  sequeL;  We 
shall  begin  with  the  consideration  of  the  rhomboid,  and  the 
figures  deduced  from  it;  and  we  shall  afterwards  proceed  ko 
Other  primary  forms."  ■;»... 

We  cannot  transfer  to  our  pages  the  formulae,  occupying  ten 
jiections,  in  which  the  author  proceeds  to  develope  his  method ; 
ami  must,  therefore,  refer  the  student  in  crystallograpby.to  tho 
transactions  for  them. 

Article  V.  is  Dr.  Roget's  Explanation  of  an  Optical  jDecepltoit^ 
already  siven  in  the  Annals  for  August  last.  ..f   . 

.'.iM[l..Vn  a  Mew  Photometer,  with  its  Application  todgtetemme 
the  relative  Intensities  of  Artificial  Light,  l^c.  By  WiUiam 
Bitohie,  AM.  Rector  of  the  Academy  at  Tain :  oommuuii^^ted 
i)y  the"  Presidents  -v.    ,  ,.  m   \ 

::  The  accuracy  of  Mr.  Ritchie's  photometer  lis  fiiunded^^ha 
states^  '^  on  the  axiom,  that  equal  volumes  of  :air  arp>tqtiaUy 
expanded  by  equal  quantities  of  light,  converted  into:  hidat  by 
lafasorption  by  black  surfaces :  and  also  on  the  well  estabUahed 
fsimipi^  that  the  quantity  of  light  diminiahes  as  the  fMins^eof 
the^distanoe  of  the  luminous  source  from  the  object  on:  whinb  it 
isieceived.  .    .  ■  .'j  .'  n,\ '; 

i'-.^^  The  instrument  [of  which  a  plate  is  given]  consists:  .of  ^two 
oybndera  of  planished  tin  plate  from  2  to  10  of  12iiiochiefl  in 
diameter,  and  from  a  quarter  of  an  inch  to  an  imrh  deepi;  iQue 
and  of  «ach  cylinder  is  inclosed  by  a  ciroularplate  of  ilne_;casobe 
.metal  soldered  completely  air  tight,  the.  other  ends  beaogilsbut 
-iqp  by  circjular  plates  of  the  finest  and  thickest  plate.  gla4ua>'Xaad€ 
. perfectly  air  tights  Half  way  between  the  plates  of 'glaaa  aad 
lha:enda  ^  tlie  cylinders,  thisre  is  aciroular  ipieoa.ofMbiaDjL 
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bibulous  paper  for  the  purpose  of  absorbing  the  light  Which 
permeates  the  gFass,  and  instantly  converting  it  into  heat. 

"  The  two  cylinders  are  connected  by  small  pieces  of  thermo* 
meter-tubes  which  keep  them  steady  with  their  faces  parallel  to 
each  other,  but  turned  in  opposite  directions,  and  also  serve  to 
make  the  insulation  as  complete  as  possible.  The  chambers  are 
then  connected  by  a  small  bent  tube  in  the  form  of  the  letter  U, 
having  small  bulbs  near  its  upper  extremities,  and  containing  a 
little  sulphuric  acid,  tinged  with  carmine.  The  instrument  is 
isupported  upon  a  pedestal,  having  a  vertical  opening  through 
the  stem  to  allow  the  glass  tube  to  pass  along  it,  and  thus  secure 
it  from  accidents. 

'*The  accuracy  of  the  instrument  evidently  depends  upon  the 
perfect  equaUty  of  its  two  opposite  ends.  To  ascertain  if  it  be 
accurately  constructed,  place  it  between  two  steady  flames,  and 
move  it  nearer  the  one  or  the  other  till  the  liquid  in  the  tube 
remains  stationary,  at  the  division  of  the  scale  at  which  it  for- 
merly stood.  Turn  it  half  round  without  altering  its  distances 
from  the  flames,  and  if  the  liquid  remains  stationary  at  the  same 
division,  the  instrument  is  correct.  To  show  the  extreme  deli- 
cacy of  the  instrument,  place  it  opposite  a  single  candle,  and  it 
will  be  sensibly  affected  at  the  distance  of  10,  20,  or  30  feet, 
provided  it  be  of  sufficient  diameter,  whilst  it  will  not  be  seosi- 
dIy  acted  upon  at  the  same  distance  by  a  mass  of  heated  iiron 
aitbrding  twenty  times  the  quantity  of  heat.  In  order  to  €Ut  dS 
effectually  the  influence  of  mere  radiant  heat,  I  sometimes  use 
screens  composed  of  two  plates  of  glass,  placed  parallel  to  each 
other,  with  a  (quantity  of  water  interposed. 

*^  Place  the  instrument  between  any  number  of  steady  lights 
whose  intensities  are  known,  as  for  example,  between  four  wax 
candles  opposite  one  end,  and  one  candle  opposite  the  other, 
and  move  the  photometer  till  the  fluid  remain  stationary  at  the 
division  where  it  formerly  stood,  and  it  will  be  found  that  the 
distances  are  directly  as  the  square  roots  of  the  number  of 
candles  ;  or  in  other  words,  that  the  intensities  of  the  lights  wiH 
be  inversely  as  the  squares  of  the  distances.  If  gas  lights  be 
employed,  having  burners  capable  of  consuming  known  quanti- 
ties of  gas  in  equal  times,  ana  the  photometer  be  placed  between 
4i)em,  so  that  the  effect  upon  the  air  in  each  chamber  shall  be 
the  same  ;  it  will  be  found  that  the  quantities  of  gas  consumed 
by  each  will  be  exactly  proportional  to  the  squares  of  the 
distances  of  their  respective  flames  from  the  ends  of  the  photo- 
meter.'^ 

VII.  The  Description  of  a  Floating  Collimator.  By  Capt. 
Henry  Kaier,  FRS.  (See  Annals  fox  Feb.  1825,  p.  143.) 

VIII,  Notice  on  the  Jguanodon,  a  newlj/  discovered  Fossil 
Meptile,  from  the  Sandstone  of  Tilgate  Forest,  in  Sussex.  By 
Gideon  Mantell,  PL.  &  GS. :  in  a  Letter  to  Davies  Gilbert^ 

Esq.  MP.  VPRS.  (See  Annals  fox  U^c\i»\%%,>j- 2.28,^ 
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IX.  An  Experimental  Inquiry  into  the  Nature  of  the  Radiant 
Heating  Ejects  from  Terrestrial  Sources.  By  Baden  Powell, 
MA.  FRS.^  (See  Annals  for  March,  1825,  p.  224  ;  and  for  May, 
1826,  p.  360.)  E.  W.  B. 
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Proceedings  of  Philosophical  Societies. 

ROYAL    SOCIETY. 

The  Royal  Society  resumed  its  sittings  on  the  17th  of  Niw.. 
whea  ihq  name  of  Major-Gen.  Sir  Benjamin  D'Urban,  Lielit;- 
Goveunor  of  Demerara,  who  had  been  elected  a  Fellow  ili  the =j 
cdurae  of  the  last  session,   was  ordered  to  be  inserted  in ^  its.' 
prinlted  lists ;  and  the  following  papers  were  read  :—r»..  ^         .>  ■.  ^ 

On  the  Changes  that  have  taken  place  in  some  ancient  AUoyat'. 
of  Copper,  ip  a  letter  from  John  Davy,  MD.  FRS.  to.'Sir  H«miPM. 
phcy^'Davy,  Bart.  Pres.  RS.     In  this  letter.  Dr.  Davy>  who  is: 
pur8uingra4i^in  of  scientific  researches  in.  the  MeditdrraneaD.'.v 
describes  the  effects  which  time  and  the  elements  have  produced^ . 
on  various  Grecian  antiquities.     The  first  he  examined  was. a 
helmet  of  the  antique  form  found  in  a  shallow  part  of  the  sea . 
between  die  citadel  of  Corfu  and  the  village  of  Castrartis,  which 
vtrw  partly  Covered  with  shells  and  with  an  incrustation  of  car-; 
bonate  cti^  Kme.  .  Its  entire  surface,  as  well  where  invested  with 
these 'bodicis  as  where,  they  were  absent^  presented  a  mottled 
appearance  of  green,  white,,  and  red.     The  green  portions  con-, 
sislellbf  the  snbmuriate  and  the  carbonate  of  copper,  the  white 
chiefly  of  oxide  of  tin,  and  the  red  of  protoxide  of  copper  ia 
octahH^nEd-i^rystals,.  mingled  with  octahedrons  of  pure  metaUip 
co^et:    Beneath  thes^  substances  the  metal  was  quite  bright^ . 
audr  it' was 'found  by  analysis  to  consist  of  copper,  and  18*6  pei;. 
cent,  of  tin.'    A  hail  of  a  similar  alloy  from  a  tomb  at  Ithacay . 
and/It  mirHE^r  frbin  a  tomb  at  Samos,  in  Cephalonia,  presented 
the 'same  appearances,  but  in  less  distinct  crystallization:  the^. 
mirror  tir>a9  Com^Qsed  of  copper  alloyed  with  about  six  per  cent* 
of  tiny  and  minute  portions  of  arsenic  and  unc.    A  variety  of-, 
anc^iemi.  coins,  from  the  cabinet  of  a  celebrated  collector  at^ 
Stoto  Maura,  presented  similar  appearances,  and  aftbrded  corre-r: 
sponding  results;  the  white  incrustations  being  oxidaof  tin,thQ  « 
greeii  insisting  of  carbonate  and  submuriate  of  copper,  and  the - 
red  of  the  protoxide  of  the  same  metal;  some  having  a  dingy-... 
appearance  arising  from  the  presence  of  black  oxide  of  ;copi)fr 
mingled  with,  portions  of  the  protoxide.     Dr.  Davy  was  ijinaDlejrf 
t6  detect  aiiy  relation  between  the  composition  of  the  respe<ftiye 
coit^  and  their  state  \o(  preservation,  the  \ w^Xvovv^  \\v%^S5^t^ 
respect  which  they  presented  appearing  to  ^tv^  \a\5Ki^\  Sx<2»\!b^  ^^ 
circumstances  under  which  they  had  beea  e^^o^^di  V^  \X\.^  \MCQRr 
Mu;  Series,  vol.  x.  2  h 
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ralizing  agents.  In  conclusion,  Dr.  Davy  observed,  that  as  the 
substance  from  which  these  crystalline  compounds  had  been 
produced  could  not  be  imagined  to  have  been  in  solution,  their 
formation  must  be  referred  to  an  intimate  motion  of  its  particles, 
effected  by  the  conjoint  agency  of  chemical  affinities,  electro- 
chemical attraction,  and  the  attraction  of  aggregation.  He 
suggested  the  application  of  this  inference  to  explain  various 
phaenomena  in  mineralogy  and  geology. 

Observations  on  the  apparent  Positions  and  Distances  of  468 
Double  and  Triple  Fixed  Stars,  made  at  the  Observatory  at 
Pasy,  near  Paris,  during  the  Summer  of  1825.  By  James  South, 
Esq.  FRS.  :       '  . 

JNov.  24.— At  this  meeting  a  paper  was  read  On  th#  Gottipa- 
rison  and  Adjustment  of  the  N'ew  Standards  of  WeJlghts  and 
Meiisures.     By  Capt.  H.  Kater,  FRS. 

UNNEAN    SOOIETY. 

*  N(ro.  1  and  15. — At  these  meetings  a  paper  was  read>  enti- 
tled, '*  Observations  on  the  unimpregnated  Vegetable  Ovulntt, 
and  on  the  Nature  of  the  Female  Flower  in  ConiferfiB  and  Cyca- 
tJeae."    By  Robert  Brown,  Esq.  FRS.  FLS.  8cc. 

ASTRONOMICAL    SOCIETY. 

Nov.  11. — ^The  Society  resumed  its  sittings  this  evening'* 
iand  the  President  took  the  opportunity  of  callmg  the  attention 
of  the  members  to  the  remarkable  circumstance  of  the  appear- 
ance of  no  less  than  four  comets  during  the  recess :  an  occ5Up- 
rence  unparalleled  in  the  history  of  astronomy.  The  Jfrst  of 
these  (he  observed)  was  discovered  by  M.  Gambart,  at  Mar- 
seilles, on  May  19,  in  the  head  of  Cassiopea.  The  second  by 
M.  Valz,  at  ifismes,  on  July  13,  near  %  rauri.  The  third  hy 
M.  Pons,  at  Florence,  on  Aug.  9,  in  Auriga.  The  fourth 
(which  was  the  most  interesting  and  important  of  the  Whole, 
since  it  had  been  the  object  of  solicitude  at  evefy  observatory, 
and  was  anxiously  expected  and  looked  after  by  every  astro- 
nomer) was  discovered  about  July  or  August  last.  The 
President  remarked  this  last  comet  (which  is  better  known 
by  the  name  of  the  comet  of  Encke)  has  now  made  13  revo- 
lutions within  the  last  40  years  :  six  of  which  have  been  regu- 
larly observed  by  astronomers.  It  was  first  seen  in  1786; 
afterwards  in  1795,  1805,  1819,  1822,  and  in  the  present  year. 
It  makes  a  complete  revolution  in  about  1207  days,  or  about  3,^ 
years. 

A  paper  was  read,  on  the  latitude  of  the  Royal  Observatory 
of  Greenwich,  by  the  Astronomer  Royal.  The  co-latitude  of 
this  observatory,  as  computed  from  Dr.  Bradley's  observations 
under  the  direction  of  Dr.  Maskelyne,  is  38^  31'  22^0  ;  a  de- 
termination which  is  subject- to  the  sum  or  the  difference 
4}f  two  separate  errors,  one,  "mdeV^xtfiicam^^^T^^^ 
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of  y  Draconisy  the  other^  in  the  measure  of  the  distance  of  that 
star  from  the  pole. 

After  the  new  mural  circle  was  erected  in  1812,  another 
attempt  was  made  to  determine  this  important  element,  the 
result  was  38°  2V  21''',5;  a  result,  however,  in  which  it  was 
thought  probable  that  an  error  of  half  a  second  might  exist. 

In  the  year  1822  a  new  method  of  observing  was  introduced 
at  Greenwich,  by  means  of  the  reflected  images  of  stars  from 
an  artificial  horizon.  To  apply  this  to  the  determination  of  the 
element  in  question,  by  comparing  two  catalogues,  one  formed 
by  direct  vision,  the  other  by  reflection ;  that  co-latitude  being 
assumed  to  be  the  true  one  which  made  the  sum  of  the  small 
positive  and  negative  differences  equal  to  zero;  and  that  was  found 
to  be  38°  31' 2 1'^  differing  by  one  second  from  the  determi*. 
nation  furnished  by  Bradley's  observation.  This  result,  how- 
ever, may  involve  an  error  of  from  a  q^uarter  to  half  a  second, 
which  subsequent  observations  may  diminish. 

The  same  paper  includes  some  remarks  on- observations  upon 
the  pole-stai',  and  an  intciresting  circumstance,  which  is  this :— - 
The  tmdulation  to  which  a  mass  of  mercury  is  Hable,  even 
'  with  the  greatest  care,  is,  in  itself  considered,  unfavourable  to  the 
exact  bisection  of  an  image ;  but  a  circumstance  occurs  in  the 
formation  of  the  image  in  the  telescope,  which,  in  some  mea^ 
sure^  compensates  the  inconvenience.  The  vibrations  of  the 
inarcury  in  a  longitudinal  trough,  occasion  an  elongated  image 
of  th^  star  in  the  direction  of  the  wire,  appearing  like  a  suc- 
cession of  stars  which  become  smaller  and  smaller,  as  thev 
recede  from  the  central  undefined  ma,ss,  exhibiting  an  appearance 
like"  beads  threaded  on  the  wire,  which  is  extremely  lavourable 
to  bisection. 

The  elements  of  one  of  the  comets  above-mentioned,  were 
announced  to  the  Society,  as  computed  by  Mr.  Taylpr,  sen., 
and  Mr.  Taylor,  jun.  of  the  Royal  Observatory,  and  M.  Ca* 
preci,  of  Naples.    They  are  respectively,  as  below. 


Passage  of  |NEeihdion  \ 

Long^tcide  of  dffcto  . . . . 

Longitude  of  Q  ...... 

Indmation  of  orbit. . . . 

Perihelion  distance. . . . 

Motion 


Taylor,  sen. 


Dec  10d-9S3vS 

Greenwich.  M.T. 

3I80     3'   57" 

35    46    58 

33    SO    40 

1-22951 

Retrogade. 

From  3  observ. 


Taylor,  jun. 


Capreci. 


Dec.  I0d*4659 

Greenwich.  M.T. 

319«   10'   26" 

85    45    36 

S3    30    42 

1-24633 
Retrograde. 
From  3  observ. 


Dec.  8d»895 
Naples.  M.T. 
3  no  24'   40" 

35     19     50 

32    44    20 
1-20808  . 

Retrograde. 
From  4  observ. 


A  letter  was  read  from  Mr.  R.  Cornfield,  a  member  of  the 
Society,  to  Dr.  Gregory,  describing  an  appearance  noticed  by 
him  with  a  Gregorian  reflector,  power  350,  and  by  Mr.  J, 
Wallis,  the  lecturer  on  astronomy,  with  a  Newtonian  tele- 

2  h2 
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scope^  power  160,  in  reference  to  the  occultation  of  Saturn  on 
Oct.  30th.  To  each  of  them  that  part  of  the  ring  of  Saturn 
which  last  emerged  from  the  moon's  dark  limb  (neither  of  them 
could  observe  the  immersion)  was  rendered  sensibly  more 
obtuse,  and  at  the  instant  after  separation  approximating  to  a 
rectilinear  boundary.  At  the  emergence  of  the  eastern  limb 
of  the  globe  of  Satuniy  a  similar  effiect  was  observed  by  Mr. 
Cornfield,  but  not  by  Mr.  Wallis. 

A  paper  was  next  read,  on  the  determination  of  latitudes 
by  observations  of  azimuths  and  altitudes  alone,  by  M.  Lit- 
trow,  Assoc.  Ast.  Soc.  This  paper  includes  the  consideration 
of  four  cases.  In  the  1st,  the  latitude  is  computed  from  the 
observed  azimuth  and  altitude.  In  the  2d,  two  observed  alti- 
tudes are  taken,  and  the  two  instrumental  azimuths  at  the 
game  respective  moments ;  and  the  latitude  is  found  from  the 
corrected  altitudes,  and  the  difference  of  the  azimuths,  with 
the  addition  of  an  approximate  latitude.  In  the  3d  case,  three 
observed  latitudes,  and  three  corresponding  azimuths,  or  two 
azimuthal  differences,  are  required ;  and  the  latitude  is  thence 
determined.  In  a  4th  case,  the  problem  is  solved  by  means 
of  a  watch  instead  of  an  azimuth  circle ;  there  are  supposed 
given,  the  time  of  culmination  only  within  half  or  three  quar- 
ters of  an  hour,  three  altitudes  taken  within  that  distance  of 
the  meridian,  and  their  intervals  in  time  ;  to  find  the  true  lati- 
tude. The  solutions  to  all  the  four  cases  are  exceedingly 
simple,  and  the  resulting  formulae  admit  of  the  utmost  facility 
of  application. 

Lastly,  there  was  exhibited  to  the  Society,  a  model  of  one  of 
the  large  Reflecting  Telescopes,  made  by  Mr.  John  Ramage, 
of  Aberdeen,  and  of  the  stands,  frame,  and  mechanism,  for 
facilitating  its  motions  and  adjustments.  The  reading,  of  a 
descriptive  paper  by  Mr.  Ramage,  was  also  commenced ;  but 
its  termination  was  postponed  until  the  December  meeting. 

MEDICO-BOTANICAL    SOCIETY. 

Oct.  14. — ^This  being  the  first  meeting  of  the  Society  after  the 
recess,  the  Director  (Mr.  Frost)  delivered  an  introductory  dis- 
course, describing  the  objects  of  the  Society,  &c. 

A  Report  of  the  various  medicinal  plants  now  in  flower  in  the 
gardens  and  stoves  round  the  metropolis,  was  read. 

Some  fine  specimens  of  several  species  of  Nicotiana,  presented 
by  Mr.  Anderson,  were  exhibited. 

Nov.  11. — At  this  meeting,  M.  C.  Friend,  Esq.  FRS,  who  had 
just  returned  to  England  from  Sierra  Leone  and  Demerara, 
announced  to  the  Society  that  he  had  collected  during  his 
voyage  many  kinds  of  bark,  seeds,  &c.  used  by  the  natives  of 
Cape  Coast  and  Accra,  as  medicines,  which  he  announced  his 
iiiteDtion  of  presenting  at  the  next  meeting. 
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'  Some  observations  were  made  on  the  properties  of  the  prepa- 
rations of  iodine,  from  which  it  appeared  that  very  untoward  symp- 
toms had  ensued  in  several  cases  in  which  they  had  been 
employed  to  lessen  glandular  sweUings. 

The  Director  read  some  remarks  on  the  use  of  the  pulp  of 
Adansonia  digitata  as  an  article  of  the  Materia  Medica. 

SOCIETY    OF    PHYSICIANS    OF    THE    UNITED    KINGDOM. 

At  a  meeting  of  the  Society  of  Physicians  of  the  United 
Kingdom  Jiolden  Nov.  2,  the  following  officers  were  elected  for 
the  ensuing  .year  :-r- 

President. — Dr.  Birkbeck. 

Treasurer^ — Dr.  Clutterbuck. 

SecfeUiTy^—t)r.  Shearman. 

C?omj:)[junications,  whether  from  members  or  others,  ad4re3s&4 
to.  ,Jhe  Secretary,  No.  30,  Northampton-square,  will  be  sut^p^ittjed 
tp  ttie  consideration  of  the  Society,  and  the  most  interesting g^pd 
important  of  them  selected  for  publication,  as  soon  as  sufficient 
pat^rial^  shall  be.  collected  to  form  a  volume. 


■i  - 


Article  XII. 
SCIENTIFIC  NOTICES. 

Chemistry. 

1  r  Anq,ty$i$  of  the  Ashes  of  the  Coal  ofAnzin,    By  M.  Feneuille. 

M.  Feri^uille's  analysis  of  these  ashes  gave  him  percent. 

Sulphuret  of  .calcium •  •    0*02 

Sulphate  of  lime 1*19 

Silica. 43-92 

Alumina 28-88 

Protoxide  of  iron 17*38 

Oxide  of  manganese 1*86 

Carbonate  of  lime 3*18 

Magnesia 0*90 

Sulphates  of  soda,  alumina,  iron,  and 
magnesia 0*50 

97*83 
(Bullet,  des  Sciences.) 

2.  Table  of  Equivalents, 
•  The  following  numbers  should  be  substituted  for  those  given 
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in  the  Table  of  Equivalents/  inserted  in  the  Annals  for  October 
last. 

Add,  fluoboric 34 

iodic 164 

Ammonia,  fluoborate 61 

iodate 181 

Barium,  iodide 194 

Iridium,  chloride..... i36 

Manganese,  chloride  ........... .     64 

Mercury,  iodide 324 

Soda,  tartrate  ofpotash 212 

Zoology. 
3.  Letter  from  Mr.  Dillwyn  to  Mr.  Gray. 

]\rV  DEAR  SIR, 

I  send  you  a  letter  I  have  just  received  from  Mr.  Dillwyn, 
.which  may  prove  interesting  to  some  of  your  readers.     Do  me 
the  favbtir  to  insert  it  amongst  your  Notices.    Yours  truly, 
'J.  G.  Children,  Esq.  J.  E.  Gray. 

D£AR  SIR,  Mhentnm^  Nov,  21,  1825. 

In  the  last  breeding  season,  my  gamekeeper  at  Pentlergare 
killed  a  Hen  Harrier  when  sitting  on  her  eggs ;  and  being  in- 
formed of  the  circumstance  I  directed  him  to  watch  for  the 
firrival  of  her  mate,  which  was  shortly  afterwards  shot  as  he 
alighted  on  the  side  of  the  nest.  It  proved,  as  I  expected,  to 
be  a  Ringtail ;  and  this,  as  well  as  many  other  observations 
which  I  have  made,  is  sufficient  to  dispel  the  prevailing  doubt 
which  you  mentioned  of  these  birds  being  more  than  the  male 
and  female  of  the  same  species. 

I  am,  dear  Sir,  yours  truly,  L.  W,  Dillwyn, 

Miscellaneous. 

4.  Private  Tuition. 

The  Rev,  J.  B.  Emmctt,  of  Great-Ousebum,  near  Borough- 
bridge,  in  Yorkshire,  a  gentleman  well  known  to  our  readers 
by  his  many  valuable  papers  published  at  various  times  in 
the  Amials  of  Philosophy,  proposes  taking  three  or  four 
pupils  to  be  instructed  in  ^very  branch  of  mathematics  and 
philosophy ;  their  course  of  study  will  be  the  same  as  that 
pursued  at  Cambridge,  and  elucidated  with  suitable  apparatus ; 
and  those  who  have  sufficiently  advanced  in  mathematical 
knowledge,  will  have  the  use  of  a  complete  astronomical  ob- 
servatory ;  they  will  also  have  the  advantage  of  access  to  a 
select  library.  Candidates  for  Holy  Orders  will  be  instructed 
in  the  Classics  and  Theology. 

5.  Developement  of  Electricity  by  Muscular  Contraction. 

Since  the  discovery  of  electricity,  the  most  distinguished 
philosophers  have  concurred  in  regarding  it  m  the  principal 
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agent  in  some  of  the  most  important  phenomena  of  animal  life. 
Their  opinion,  however,  for  a  long  time  seemed  to  be  supported 
rather  by  analogy  than  by  direct  evidence.  Comparatively  but 
a  few  months  have  elapsed,  since  two  Swiss  physiologists, 
Prevost  and  Dumas,  proved  that  muscular  contractions  in 
whatever  manner  exerted,  whether  mechanically  or  chemically, 
are  invariably  accompanied  by  a  developement  of  electricity. 
It  still  remained  to  be  decided  whether  this  electricity  be 
necessarily  present  as  the  essential  cause,  or  merely  as  an  ac- 
cidentally associated  phenomenon.  The  following  experiments 
seem  to  carry  us  a  step  further  towards  the  decision  of  the 
question. 

Dr.  Edwards  has  investigated  the  effects  produced  by  touch- 
ing a  nerve  in  a  manner  which  had  been  but  little  att^n4e4  tQ. 
It  consists  in  passing  a  solid  body  along  a  nerve,  in  t^i^  sa^e 
manner  in  which  we  pass  a  magnet  along  a  bar  of  steel  whiph 
we  wish  to  magnetize;  he  conducts  the  experii&ent  ii^  the 
following  manner.  He  lays  bare  the  sciatic  nerves  of  a  frog 
in  that  part  of  their  course  in  which  they  are  situated  on  the 
sacrum,  leaving  unimpaired  their  connection  with  the  spinal 
marrow,  and  with  the  muscles  to  which  they  are  directed. 
He  removes  the  skin  from  the  posterior  extremities,  that  the 
movements  of  the  muscular  fibres  may  be  visible,  and  intercepts 
volition  by  dividing  the  spinal  marrow  just  below  the  head; 
he  then  places  under  the  nerves  a  slip  of  oiled  silk,  by  whiqh 
they  are  raised  and  supported  on  a  level  with  the  bone.  If  a 
metallic  rod  be  now  drawn  lightly  along  the  denuded  nerve,  in 
the  mode  above-mentioned,  muscular  contractions  will  be 
excited.  This  effect  is  produced  whatever  be  the  metal  em- 
ployed. It  is  not  even  necessary  that  the  rod  should  be  me- 
tallic. Horn,  glass,  ivory,  or  any  other  solid  body  will  answer 
the.  purpose,  but  their  influence  is  by  no  means  the  same. 
Though  Dr.  Edwards  clearly  ascertained  this  fact,  continual 
variations  in  the  irritability  of  the  animal  precluded  the  pos- 
sibility of  establishing  a  scale.  The  Doctor  then  substituted 
for  the  oiled  silk,  which  is  a  very  complete  non-conductor  of  elec- 
tricity, a  slip  of  muscle  perfectly  similar  as  to  form  and  size,  but 
which,  it  will  be  remarked,  is  an  excellent  conductor.  A  re- 
petition of  the  contact  now  no  longer  caused  contractions,  or 
at  most  they  were  extremely  feeble. 

In  the  first  experiment,  the  electricity  developed  by  the 
contact  of  the  nerve  is  retained,  and  its  influence  is  concen- 
trated on  the  nerve  itself.  In  the  second  case,  the  electricity  is 
abstracted.  If  the  presence  of  electricity  were  merely  ad- 
ventitious. Dr.  Edwards  thinks  that  the  same  mechanical 
excitation  ought  in  both  cases  to  produce  the  same  effect ;  but 
the  difference  is  decided.  He  therefore  concludes  that  elecj 
tricity  is  essential  to  muscular  contraction* 
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Article  XIII. 

NEW  PATENTS. 

T.  Steele,  Magdalen  College,  Cambridge,  for  improvements  in  the 
construction  of  diving  bells. — Oct.  28. 

J.  and  S.  Seaward,  Poplar,  engineers,  for  an  improved  method  of 
propelling  boats,  craft,  and  all  kinds  of  vessels,  on  canals,  rivers,  and 
•    other  shallow  waters. — Npv.  1 , 

W.  Ranyard,  Kingston,  tallow  chandler,  for  a  circumvolution  brush 
and  handle. — Nov.  1. 

V.  Royle,  Manchester,  silk  manufacturer,  for  improvements  in  the 
machinery  for  cleaning  and  spinning  of  silk. — Nov.  1. 

J.  I.  Hawkins,  Pancras  Vale,  civil  engineer,  for  improvements  on 
certain  implements,  machines,  or  apparatus,  used  in  the  manufacturing 
and  preseriung  of  books,  whether  bound  or  unbound. — Nov.  1. 

J.  and  W.  llidgway,  both  of  the  Staffordshire  Potteries,  manufactu- 
rers of  china,  stone,  and  earthenware,  for  an  improved  cock  tap  or 
valve,  for  drawing  off  liquors. — Nov.  1. 

T.  Seaton,  Bermondsey,  shipwright,  for  improvements  on  wheeled 
carriages. — Nov.  7. 

G.  Hunter,  Edinburgh,  clothier,  for  an  improvement  in  the  construc- 
tion, use,  and  application  of  wheels. — Nov.  7. 

T.  S.  Brandreth,  Liverpool,  for  an  improved  mode  of  constructing 
wheel  carriages. — Nov.  8. 

S.  Brown,  Old  Brompton,  Middlesex,  for  improvements  in  machinery 
.for  manufacturing  casks  and  other  vessels. — Nov.  8. 

W.  £.  Cochrane,  Regent-street,  for  improvements  in  cooking  appa- 
ratus.— Nov.  8. 

J.  W.  Hiort,  Office  of  Works,  Whitehall,  architect,  for  an  improved 
chimney  or  flue,  for  domestic  and  other  purposes. — Nov.  8. 

C.  L.Giroud,  Lyons,  France,  for  a  chemical  substitute  for  gall  nuts 
in  all  the  different  branches  of  the  arts  or  manufactures  in  which  gall 
nuts  have  been  accustomed  or  may  hereafter  be  used. — Nov.  8. 

J.  Wilks,  tin-plate  worker,  and  J.  Erroyd,  grocer,  both  of  Rochdale, 
Lancashire,  for  an  engine  for  cutting  nails,  sprigs,  and  sparables,  on 
an  improved  system. — Nov.  8. 

J.  J.  A.  M'Carthy,  Pall  Mall  Place,  Westminster,  for  improved 
pavement,  pitching,  or  covering,  for  streets,  roads,  ways,  and  places. — 
Nov.  10. 

B.  Cook,  Birmingham,  brass  founder,  for  a  new  method  of  rendering 
ships'  cables  and  anchors  more  secure,  and  less  liable  to  strain  and 
injury  while  the  vessel  lays  at  anchor. — Nov.  10. 

B.  Cook,  Birmingham,  brass  founder,  for  improvements  in  the  bind- 
ing of  books  and  portfolios  of  various  descriptions. — Nov.  10. 

J.  G.  Deyerlein,  Mercer-street,  Middlesex,  smith  and  tool  maker, 
for  improvements  on  weighing  machines. — Nov.  10. 

S.  Parker,  Argyle- street,  Middlesex,  bronze  and  iron  founder,  and 
W.  F.  Hamilton,  Nelson-street,  Long-lane,  Surrey,  engineer,  for  a 
certain  alloy  or  alloys  of  metals.— -Nov.  1^. 
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Article  XIV. 


METEOROLOGICAL    TABLE. 


Barometer. 

TflERfl^OMETER. 

18S5. 

Wind. 

Max. 

Mid. 

Max. 

Mill. 

Evap. 

Rain. 

10th  Mon. 

. 

% 

Oct.  1 

S       E 

3002 

29-89 

65 

53 

... 

',                          i 

2 

S       E 

29-89 

29-85 

65 

49 

— 

^..^ 

3 

S,      E 

29*98 

29-84 

65 

53 

— 

39 

4 

S      W 

30-23 

29-98 

68 

48 

-i— 

B-;jy. 

5 

S 

30-23 

30-18 

67 

57 

-— . 

M 

6 

S 

30-18 

29-72 

67 

53 

—  ■'■ 

\"  Sf" 

7 

s    w 

30-20 

2972 

59 

48 

_' 

:  /r.  i.v 

8 

s    w 

30- 19 

30-09 

64 

50 

■■  J, 

'^T'l 

9 

w 

30-35 

30-10 

64 

58 

.-.' 

■  :,!.  ■■  ■.:• 

10 

s    w 

30-48 

30-35 

61 

57 

*  . 

i  :^ 

11 

s    w 

30-48 

30-30 

65 

43 

•83  - 

1'  •  '•  .  'i' .  '* 

12 

S       E 

30-30 

30-27 

68 

48 

m^      ■ 

» 

13 

N    W 

30-31 

30-28 

65 

40 

,-- 

.  ■  •• 

U 

S       E 

30-57 

30-31 

63 

40 

mmm. 

' . 

15 

N     W 

30-61 

30-57 

63 

32 

•M     ■ 

f 

16 

N     W 

30-61 

30-39 

61 

35 

^^ 

1 

17 

s    w 

30-39 

3022 

56 

40 

■■  — 

18 

s    w 

30-22 

29-57 

54 

45 

.^ 

32 

19 

N     W 

29-57 

29-23 

53 

33 

^~m 

40 

20 

N 

29-56 

29-24 

45 

36 

^~m 

21 

N 

30-03 

2956 

47 

36 

^^ 

22 

N 

30-28 

3003 

57 

25 

.. 

23 

N    W 

30-28 

30-12 

49 

38 

.^^ 

24 

W 

30-12 

3009 

55 

38 

.... 

1 

25 

N    W 

30-25 

30-10 

58 

27 

— • 

.26 

N     W 

30-25 

30-20 

45 

35 

„__      . 

27 

N 

30-20 

30-15 

51 

40 

28 

N     W 

30-18 

30-15 

58 

50 

-98 

29 

W 

30-18 

30- 1 5 

60 

41 

i..^ 

12 

30 

w 

30- 1 6 

30-15 

57 

42 

_ 

08 

31 

N     W 

30-15 

30-10 

61 

44 

-20 

02 

30-61 

29-23 

68 

25 

2-01 

2-27 

The  observations  in  each  line  of  the  table  apply  to  a  period  of  twenty-four  hours 
beginning  at  9  A.  M.  on  the  day  indicated  in  the  first  column.    A  dash  denotes  that 
the  result  is  included  in  the  next  following  observation. 


474  Mr.  HawarcPB  Mete&tohgkd  Jtmnd.    [Dec.  1826. 


REMARKS. 


Ttnih  Month,'-~l,  Cloudy.  S,  S.  Rainy  in  the  momings,  4.  Fine*  5.  Cloudy 
and  fine.  6.  Cloudy :  night  stormy.  7.  Cloudy  and  fine.  8.  Fine.  9.  Cloudy. 
10 — 12.  Fine.  13.  Fine:  a  ««/ra<u«  on  the  marshes.  14.  Fine.  15.  Fipe:  foggy  at 
night.  Id.  Foggy  morning :  yery  fine  day.  17,  18.  Cloudy.  19.  Rainy.  20.  Fine': 
alitaejmowatfottr,p.m.    21— 28.  line.    29.  Qoudy.    SO.  Cloudy.    31.  Fine. 


RESULTS. 


Winds:    N,  4;  SE,  65  S,  2;  SW,  7;  W,  4;  NW,  9. 
Barometer-:  Mean  height 

^  For  the  month SO-l  18  inches. 

Thermometer:  Mean  height  i 

For  the  month..... 51'129® 

Evaporation •..........•• 2*01  in. 

Rain 2*27 


Laboratory,  Straijbrdy  Eleventh  Monfh^  19,  1825.  R.  HOWARD. 


INDEX. 


ACETATE  of  soda,  on  its  prepara- 
tion, 113. 

Add,  fluoborfc,  122. 

*  ■  '     silicated  fluoric,  116. 

' sulphopruseic,  18K 

Acoustics^  268. 

Aerolites,  395. 

Air-pump,  Mr.  Herries^s  suggestions  for 
an  improved  construction  in,  301. 

AHuyial  formations,  18. 

Altitude  and  azimuth  circle,  70. 

Ammonia,  formation  of,  Mr.  Faraday  on, 
230. 

■    '  oxalate  of,  140. 

Amphibia  and  reptiles,  Mr.  Gray  on  their 
genera,  193. 

Amsterdam  canal,  396. 

Analysis  of  a  comoooad  <ff  iodine  and 
carbon,  14— ofsmca,  120 — of  silicated 
floflCe  ef  iNirytes,  121— of  fluate  of  si- 
lica, 121 — of  borax,  125— -of  the  bo- 
rates of  ammonia,  125— >of  oxalate  g( 
ammonia,  125,  140 — of  muriate  of  am- 
monia, 141 — of  ammonia,  141 — ofsul- 
phato-tri-carbonate  of  lead,  2S2— of 
hydrate  of  magnesia,  232 — of  magne- 
site,  233— of  sdeniuret  of  lead,  234---of 
latrobite,  235 — of  an  alloy  of  gold  and 
rhodium,  251 — of  the  seleniurets  of  the 
Eastern  Hartz,  284 — of  atmospheric 
air  by  hydrogen,  304 — of  lepidolite, 
315 — of  helvin,  315 — of  sulphate  of 
zinc,  363 — of  carbono-phosphate  of 
soda,  381. 

• ■_ complex,  140. 

Animal  and  vegetable  economy,  SI  8. 

Anomia  and  other  genera,  Mr.  Gray  on 
the  synonjrma  of,  24 1 . 

Anoplotherium  commune,  on  the  disco- 
very of,  in  the  Isle  of  Wight,  360. 

Antimony,  M.  H.  Rose  on  its  compounds 
with  chlorine  and  sulphur,  416. 

Ape,  Sumatran,  387. 
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